EMS MEDICAL DIRECTOR: James E. Pointer, MD, FACEP DATE: May 16, 2000
LOCAL EMS AGENCY: Alameda County Emergency Medical Services
NAME OF PROPOSED PROCEDURE OR MEDICATION: Amiodarone HCl

1. DESCRIPTION OF THE PROCEDURE OR MEDICATION REQUESTED:
Amiodarone HCIl, Intravenous |
2. DESCRIPTION OF THE MEDICAL CONDITIONS FOR WHICH THEY WILL BE UTILIZED:

Pulseless ventricular fibrillation/ventricular rachycardia refractory to electrical defibrillation.
May increase mortality in ML

3. ALTERNATIVES (Please describe any alternate therapies considered for the same condition and any
advantages and disadvantages): :

ADVANTAGES DISADVANTAGES
Lidocaine Long-time use; current drug of choice No improvement in survival; Class II B
Bretylium Long-time use No improvement in survival; Not currently
available
Procaineamide , Long-time use No improvement in survival; Class II B;

Also requires action by Scope Committee

4. PATIENT POPULATION THAT WOULD BENEFIT, INCLUDING AN ESTIMATE OF
FREQUENCY OF UTILIZATION: :

V Fib/ V Tach cardiac arrests refractory to defibrillation; approximately 300 patients/year
5. OTHER FACTORS OR EXCEPTIONAL CIRCUMSTANCES:

1 - Inclusion of amiodarone in 2000 ACLS ventricular fibrillation protocols is imminent.

2 - At least ten other EMS agencies/providers have begun using amiodarone (attached).

3 - Amiodarone is the only available agent to improve survival to hospital admission from ventricular
fibrillation cardiac arrest.

6. ANY SUPPORTING DATA, INCLUDING RELEVANT STUDIES AND MEDICAL
LITERATURE.

See attachéd.

7. RECOMMENDED POLICIES/PROCEDURES TO BE INSTITUTED REGARDING USE,
MEDICAL CONTROL, TREATMENT PROTOCOLS, AND QUALITY ASSURANCE OF THE
PROCEDURE OR MEDICATION. ' :

See attached.

8. DESCRIPTION OF THE TRAINING AND COMPETENCY TESTING REQUIRED TO
IMPLEMENT THE PROCEDURE OR MEDICATION.

See attached.



Supporting Data, Including Relevant
Studies, and Medical Literature



RELEVANT STUDIES

EFFICACY TO CONVERT VENTRICULAR ARRHTHYMIAS

Bretylium's use may be limited by high incidence of hypotension (See Kowey, et al.)
Amiodarone is effective in treating life-threatening tachyarrhythmias (See Scheinman, et al.)

Amiodarone and bretylium have comparable efficacies in the treatment of malignant
ventricular arrhythmias (See Kowey, et al.)

SURVIVAL/MORTALITY STUDIES

Lidocaine may adversely affect MI mortality rates (See Sadowski, etal.)

ACLS drugs do not improve resuscitation from in-hospital cardiac arrest (See van Walraven,
etal.) :

Lidocaine, when compared to ACLS without lidocaine, fails to increase survival in out-of-
hospital patients with refractory ventricular fibrillation arrest (See Harrison)

Epinephrine and lidocaine did not improve outcome in patients in ventricular fibrillation
cardiac arrest (See Weaver, et al.)

Lidocaine, compared to epinephrine, associated with higher incidence of post defibrillation
asystole (See Weaver, et al.)

Amiodarone increases survival to ED in out-of-hospital patients with ventricular fibrillation
arrest (See Kudenchuk, et al.)
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Do Advanced Cardiac Life Support
Drugs Increase Resuscitation Rates

From In-Hospital Cardiac Arrest?

Carl vaa Walraven, MD, MSc Study objective: The benefit of Advanced Cardiac Life Support
lan G Stiell. MD, MSc [ACLS) medications during cardiac resuscitation is uncertain. The

George A Wells, MSc. PhD ahjective of this study was to determine whether the use of these
Paul C Hébert, MD, MHSC medications increased resuscitation fram in-hospital cardiac

Katherine Vandemheen, BScN amest,

For the OTAC Study Group

Methods: A praspective cohort of patients undergoing cardiac
arrest in 1 of 5 academic hospitals was studied. Patient and arrest
factors related to resuscitation outcome were recorded. We
determined the assaciation of the administration of ACLS drugs
(epinephrine. atrapine, bicarbonate, calcium, lidocaine, and
bretylium) with survival at 1 hour after resuscitation.

- Resulis: Seven hundred seventy-three patients underwent car-
diac resuscitation, with 269 {34.8%) surviving for 1 hour. Use of
epinephrine, atropine, bicarbonate, calcium, and lidocaine was
associated with a decreased chance of successful resuscitation
|P<001 for all except lidocaine, P<.01). While contralling for signif-
icant patient factors (age, gender, and previous cardiac or respira-
tory disease) and arest factors {initial cardiac hythm, and cause
of arrest), multivariate logistic regression demonstrated a signifi-
cant association between unsuccessful resuscitation and the use
of epinephrine (odds ratio .08 [35% confidence interval 04-14],
atropine .24 [.17—.35]). bicarbonate (.31 (.21—44]), calcium (.32
(.18-55)), and lidocaine (.48 [ 33—.71]). Drug effects did not improve
when patients were grouped by their initial cardiac rhythm. Cox
proportional hazards models that controlled for significant con-
founders demanstrated that survivars were significantly less likely
to receive epinephrine {P<.001) or atropine {P<.001) throughout the
arrest, '

Conclusion: We found no association between standard ACLS
medications and improved resuscitation from in-hospital cardiac
arrest, Randomized clinica! trials are needed to determine whether
other therapies can improve resuscitation from cardiac arrest
when compared with the presently used ACLS drugs.

[van Walraven C, Stielt 1G, Wells GA, Hébert PC, Vandemheen K.
for the OTAC Study Group: Do Advanced Cardiac Life Support
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ACLS DRUGS AND RESUSCITATIUN HAIES
van Walraven et dl

- e

secondary to co-intervention. Second, the number ol
patients survivingto hospital discharge was small, thereby
liniting any analysis. Finally, ifno association betweena
medication and successful resuscitationat 1 hourexists, it
is unlikely that survival to discharge wo uld be changed by
the medication.

Data analysis

The assaciation of each ACLS medication with survival
to 1 hourwas determined by describing drugadministra-
tion as given or not (using the x?test) and as the time to
drug administration (using Student ttest), To determine
each drugs association with resuscitation outcome while
controlling for potentially significant confounding vari-
ables, multivariate logistic regression using model-build-
ing strategies suggested by Kleinbaum et al!! was used.
Confounding variables were defined 2s those with a sig-

Ty

nificant (P<.1) univariate association with resuscitation
ourcome and were included in the logistic models. Logistic
models did not show changesin the association of each
drugwith resuscitation outcome when either standard or
ACD-CPR was used, !0 We did not model other specific
‘nteractions because we wanted toatain an overall esti-
mate of each drug’seffectadjusted for the confounders.!
Toidentify subgroups that would benefit from the drugs,
these models were repeated grouping patients by their ini-
tial cardiac rhythm.

Cox proportional hazards analysis was used to com-
pare the proportion of survivors and nonsurvivors who
received each medication by each minute of the resuscita-
tion. For each drug, we modeled time to drugadministra-
tion (dependent variable) while controlling for all signifi-
cant confounders (independent variables) and grouping
patients by survival status (stratifying variable). These

Figure 1. . . -
Course of patients undergoing car- 1,032 inhospital
diac arrest during study. Eligibility cardiac amests
criteria for study are listed in the T
Bd:ﬂuxkjgcﬁan.Ckn&nulpnﬁnz — 1
mance refers to patients’ cognitive - ]
: ;R eal Excluded Cardiac Arests-259
ﬁ‘gﬁ&éﬁ%ﬁ?im Inaligile 177 (68.4%) Tr3 arrests snalyzed
good function; 2 indicates moderate Efigible but not included 82 (31 5%} ]
cerebral disability; and 3 indicates _ |
severe cerebral disability™! VI/VE g 1
Ventricular tachycardia or fibrilla- )
tion; ROSC, return of spontancous Non-VT/VF PEA 307 (38.7%} VINF
circularion. Asyswole 221 (28.6%) 746 (31.7%)
: ]
l \
No achieved Any
ROSC ROSC
101 {41.2%) 144 (58.8%)
[ l —
Died in Hospial-97
ROSC < 1h-36 [37:1%! . .
ROSC < 2424 (24.7%) Dischiarged Alive-47
AOSC < 304-32 {33.0%]
Cerebral |°erf::rman‘c::’-1
142
2-3
32
e

$46
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time from the start of CPR Lo delibrillation was signifi-
cantly shorter in a success[ul resuscitation (4.9 minuies
versus 8.0 minutes: P<.001). Survivors were more likely
to have ventricular tachycardia or {ibrillation (VI/VT) as
theie initial cardiac rhythm (40.6% versus 27.2%: P<.001)
and were more likely to have a respiratory probleminitiai-
ing their arrest (26.0% versus 11.6%; P<.001). Chronic
ischemic heart disease was less prevalent in survivors
(44.6% versus 51.0%; P=.09), but they were more likely Lo
have a chronic respiratory disease (19.0% versus 13.7%:
P=.05).

Table 2 displays the association of cardiac drug use and
resuscitation outcome. Patients whose resuscitation was
unsuccessful were significanily more likely to have received
cach of the ACLS medications except [or bretylium. None of
the drugs was significantly associated withan improved
resuscilation outcome. Calcium was the only drug for
which earlier administration was significantly associated
with survival (survivors 8.47 minuLes Versus nonsurvivors
15.00 minutes; P<.001).

Using multivariate logistic regression, the association
between each drug with resuscitation outcome was deter-
mined while controlling for confounding patient (age. gen-
der, and previous cardiac or respiratory disease) and arrest
(initial cardiac rhythm and cause) variables (Table 3). Odds
ratios less than O indicate that drug administration was
associated with a worse resuscitation outcome. Theadmin-
istration ol almost all medications was significantly associ-
ated with a worse outcome, For each model, the likelihood
ratio test was significant (P<.001) indicating that, overall,
the raodel fit the data well. Forall drugs, the models fit the
data well as indicated by Hosmer-Lemeshow statistics that

Table 3,
Multivariate association between cardiac drugs and resuscitation
oulcome.

No. Patients 95% Confidence
Drug Receiving Drug Odds Ratio Intarval
Epinephring 683 08 04, .14
Atropine 578 24 17,35
Bicarhonate 257 3 21,8
Caleium 108 3?2 .18, 88
Lidocaine 214 A8 A3 N
Bretylium 53 55 29,1407

The dapendent varsable ie survival to § hour. An adds ratic ks than 1.0 indicates the variable is
associatad with o decreased prabability of survival at 1 hour. The effects of patient age snd
gender, initial cardiac thythm, suspscied cause of amest, and ¢ehronic cardiac or respirdtory dis-
easa were controlled for in all models

ingy

were greater than .2, Exceptions o this included caleium”
(P=.08) and bretylium (P=.18), whose models did not fit
the data well. Forcach model, fewer than 10 observations
(1.29%) had studentized residuals of more than 2.0.

To determine whether the association hetween cardiac
drug usc and resuscitation outcome varied with the initia]
cardiac rhythm, separate logistic regression models were
performed for patients whose initial cardiuc rhythm was
VE/VT, pulseless electrical activity (PEA), orasystole (Table
4). Again, these models controlled lor the eflfect ol all signil

icant conlounding variables. Even when stratified by inidal |

cardiac thythm, none of the cardiac medications was wsso-
ciated with an improved outcome. Epinephrine. atropine,
and hicarbonate were signilicantly associated with deathin
all 3 thythm groups. The only medication whose associa-
tion with resuscilation outcome varied significantly with
initial cardiac rhythm was atropine, with slightly better
outcomes when the initial chythm was PEA. For patients
whose initial cardiac thythm was ventricular Lachycariia
ot fibrillation, the inclusion of “time to defibrillation” in

Table 4.
Association between cardiac drugs and resuscitation oulcome
hased on initial cardiac rhythm,

Na. 85%
Receiving Odds Confidsnce
\_I_gr_igble Drug Ratic faterval

tnitial rhiythm ventricular tachycardia or fibriltation (n=245)
1499

Epinaphrine .06 02,15
Atropine 160 A6 09..28
Bicarbonate 75 4 23, .74
Calcium 32 a2 a3
Lidocaine 42 53 31, .9
Bretylium 36 56 2813
Initial rhythm pulseless electrical activity (n=307)

Epinephrine 267 09 04,25
Arropine oo 39 2,70
Bicarbonate m 25 13, 48
Calcium K] 24 08,.76
Lidocaine a8 N RV A
Bretylium 10 53 08,308
Initial thythm asyswole (n=221)

Epinephrina 208 1 03, .43
Atropine 188 . 23 0. .51
Bicarhonate 67 29 14, 81
Calcium 35 41 18, 1.05
Lidocgine 43 .49 77,1.11
Bretylium 7 .38 05,343

The depandent variable is survival ta 1 haur. An ods ratio less than 1 0 idicates the viriable &
associatad with 2 decreased probability ol sunava! 8t 1 haur. The cifects of patient age and
gendar, initial cardiac thyshm, suspectad caustc of rrest, and chronic cardine of fespiratory -
eases were controlied for in 8il estimates.
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trolling ot resuscitation delay, endobranchial intubation,
and whether the arrest was witnessed, epinephrine remained
a predictorof unsuccesslul resuscitation (oddsratio.5;95%
conlidence interval .25-] 0).2> Robernsetal'® studied
310 consecutive in-hospital arcests and demonstrated 2
significani association berween epinephrine and mortal-
ity (P=.0003). Noim provementin sutvival was noted when
higher doses of epinephrine were used during resuscita-
tion.28:27 In a randomized trial, patients who received
epinephrine between countershocks had significantly
lower resuscitalion ralesco mpared with those who received
nodrug.? Beuretetal®® Jemonstrated that the administra-
tion of epinephrine wasan independent predictor of death
after in-hospital resuscitation. Increased amounts of
epinephrine during resuscitation were signi licantly associ-
ared with acute renal [ailure afterarrest, which isasignili-
cant predicior of death 2

Several physiologic explanations have been suggested
to explain epinephrine’s Jack of benelit and possible
harm.20-32 However, the association of epinephrine and
unsuccessful resuscirationis confounded by the increased
probability of epinephrine ul ilization when patients are
notrevived. Although multivariate statistical methods
atterapt to adjust for this. the extremely heterogeneous and
complex nature of patients undergoing cardiac arrest

‘makes thisa difficult [eat.

This problem also applies1o the rest of the ACLS drugs.
We believe that randomized clinical Lrials are the best
rethod of determining il new therapies, such as vaso-
prcssin,33 improve outcomes when compared with stan-
dard ACLS drugs currently in use. With large randomized
(rials, treatment groupsare balanced for both knownand

e

unknown confounders. Alsa, prospective rinls permilthg
collection of the precise clinical parametersin whichthe
drugs were administ ered. Thisinfornauon could be tsed
in multivanate analyses Lo control for extraneous fi tors
and possibly denti [y subgroups who mi ght benelitlrom
drugs given during resuscitation,

The effect of atropine and bicarbonate o resuscitation
rates has also been questioned. Small case series have
shown that atropine is benelicial during cardiac arrest. ™
Larger studies have produced conllicting results with
some showing a significant henefit fromatropine™ wnd
others showing none.” Animal models have shown nodil
ference in recovery rates from PEA with atropine versus
placebo. > Inadditionto epinephrine, the use of atropine
has been associated with « signilicanly increased moral.
ity for both in-hospital 16 and out-of-hospital®/ cardiac
arrests, Laboratory>? and clinical®® studies evaluading te
use of sodium bicarbonate alsa have produced conllicting
results, The strongest evidence that raises doubt re gard-
ing bicarbonate’s efficacy comes [roma double-blind,
randomized controlled trial of 245 patients where bicar-
bonate compared with placebo did not improve resuscite
tion outcome. >

Several studies of calcium during resuscitation have
been performed. Small studies have showna direct corme-
lation between duration ol resuscitation, low serum on-
ized calcium levels, and mortality. These observations
have increased hope that calcium would improve resusd
(ation rates. *® One randomized, blinded study with 90
patientsshowed astrong trend (P=.07) toward 1m proved
resuscitation rates for patients whose initial rhythm was
PEA who were randomly assigned Lo the calcium arm.*

— e o —

; *...4.-§-~+"‘f"+'+’

Figure 3. 9, Patients Given Auapine
Proportion of survivars and non- %0
survivors receiving atropine. The 0
figure shows the percentage of
patienis who received acropnine n

by each minute of the resuscitd-
tion plotted for survivors

(squares) and nonsurvivors 50
(circles). These Cox praportional i
hazards madels canrrolled for
significant patient foctors {includ- 30
ing age, gender, and chronic his- -
tory of cardiac or respiratory
illness) and arrest factors (nitial 10
cardiac hythm and cause of

60

arrest). Ninety-five percenl confi- 0 , .
dence intervals arcpraVidzd. g 1 2 3 45 687 83 T 11 1Z 13 14 15 16 17 18 19 20
Time From Start of CPA {min}
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g

(ation. Forexample, 160 patients whose initial thythm was
ventriculariachycardiaor fibrillation received atropine
during rhe resuscilation (Table4).indicating thatinthese
patients asystole, PEA, oraslow pulseless thythm likely
developed atsome time during the resuscitation.

Second, we did not derermine whether the medica-
lions were administered by central ot peripheral line, or
whether peripheral administrations were followed by
saline solution bolusand limb elevation.*? Third, although
all supervisors of the cardiacarrests had AC1S certification,
we are unable ro determine how compliant these physi-
cians were with ACLS recommendations. Compliance with
ACLS protocols. however, has not been shown Lo correlate
with resuscitation outcarme."®*7 Fourth, although the
logisticand Cox regression mudels fitour data well. we did
not validate the models and are unsure if they would appro-
priately describea different sample of cardiac arrests. in
addition, our models did nor explore interactions bewween
the various ACLS medications and resuscitation outcome.

Finally, and most importan ly, patients having cardiac
artest are extremely variable and complex. Tt may be nawve
to expect asignilicant benefit froma single medicationin
suchaheterogeneous patient group- Many physicians recall
cases where ACLS medication use seemned to be the dilfer-
ence berween lifeand death fora particular patient. Perhaps
a more accurate assessment of patient prognosis al resusci-
ration initiation*® or invasive monitaring to puide ther-
apy*® would givethese medications a better chance ol
showing a benefiL. Further studies in thisarea must Lry 10
collect these and other important intra-arrest datatomore
accurately identify which patients benelit from these drugs.

In summary, our exploratory analysis of prospectively
data collected data for 773 patients within-hospital car-
diac arrest associated the use of ACLS medications with
increased mortality, We could not identify any subgroup
of patients who may cleatly benefit from any of these medi-
cations. Although further research into the rreatment of
patients not respondingto defibrillation will be dillicult, >
iLis necessary. We advocate the design and execution of
large randomized clinical trials to determine whether other
therapies improve resuscitation rates compared withthe
presently used ACLS drugs.
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Effect of Epinephrine and Lidocaine Therapy
on Outcome After Cardiac Arrest Due to
Ventricular Fibrillation

W. Douglas Weaver, MD, Carol E. Fahrenbruch, MSPH, Deborah D. Johnson, RN,
Alfred P. Hallstrom, PhD, Leonard A. Cobb, MD, and Michael K. Copass, MD

One hundred ninety-nine patients with out-of-hospital cardiac arrest persisted in ventricular
fibrillation after the first defibrillation attempt and were then randomly assigned to receive
either epinephrine or lidocaine before the next two shocks. The resulting electrocardiographic
rhythms and outcomes for each group of patients were compared for each group and also
compared with results during the prior 2 years, a period when similar patients primarily
received sodium bicarbonate as initial adjunctive therapy. Asystole occurred after defibrillation
with threefold frequency after repeated injection of lidocaine (15 of 59, 25%) compared with
patients treated with epinephrine (four of 55, 7%) (p<0.02). There was no difference in the
proportion of patients resuscitated after treatment with either lidocaine or epinephrine (51 of
106, 48% vs. 50 of 93, 54%) and in the proportion surviving (18, 19% vs. 21, 20%), respectively.
Resuscitation (64% vs. 50%, p<0.005) but not survival rates (24% vs. 20%) were higher during
the prior 2-year period in which initial adjunctive drug treatment for persistent ventricular
fibrillation primarily consisted of a continuous infusion of sodium bicarbonate. The negative
effect of lidocaine or epinephrine treatment was explained in part by their influence on delaying
subsequent defibrillation attempts. Survival rates were highest (30%) in a subset of patients who
received no drug therapy between shocks. We conclude that currently recommended doses of
epinephrine and lidocaine are not useful for improving outcome in patients who. persist in
ventricular fibrillation. Lidocaine administration is commonly associated with asystole, and any
possible attribute of initial adjunctive drug therapy is outweighed by its detrimental effect on
delaying successive shocks for persistent ventricular fibrillation. (Circulation 1990;82:2027-2034)
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during cardiac arrest is primarily based on

F l Yhe rationale for specific drugs administered
observations made during experimental ani-

mal studies or from patients with ventricular arrhyth- -
mias complicating acute myocardial infarction. The"

American Heart Association Guidelines for Ad-
vanced Cardiac Life Support emphasize the use of
both epinephrine and lidocaine for patients who
persist in ventricular fibrillation after initial attempts
at defibrillation.! During experimental cardiac arrest,
epinephrine administration results in higher rates of
resuscitation, seemingly by augmenting myocardial
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blood flow during chest compression.?”®. Lidocaine is
also often used to treat persistent ventricular fibril-
lation because the drug has been shown in some
studies to prevent the emergence of ventricular fibril-
lation during the early hours of acute myocardial
infarction.®"! Other studies, however, have shown
that lidocaine increases defibrillation energy level
requirements and is relatively ineffective in terminat-
ing ventricular tachyarrhythmias after they have been
established.'*"

Ventricular fibrillation persists after initial de-
fibrillation attempts in 25-40% of patients discovered
in cardiac arrest and may present a condition quite
different from either acute myocardial infarction or
experimental resuscitation, and thus may have dif-
ferent drug requirements.1819 The purpose of this
trial was to determine prospectively whether the
initial administratior of either epinephrine or
lidocaine improved resuscitation results in patients
discovered in ventricular fibrillation that was refrac-
tory to an initial defibrillation attempt.
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Methods

The Seattle Emergency Medical System is a tiered
response system. The first level of care is provided by
firefighters. At the time of the study (mid-1980s),
they, with rare exception, provided only cardiopul-
monary resuscitation until paramedics arrived and
took charge of the resuscitation effort. The second
level of care is provided by paramedics, trained and
equipped to provide endotracheal intubation, de-
fibrillation, and intravenous drug therapy, practicing
either under written standing orders or remote verbal
prescription of a physician.

For several years before this study, the protocol for
. treatment of ventricular fibrillation was to deliver

one countershock and then, if ventricular fibrillation
persisted, place an endotracheal tube and intrave-
nous catheter. A continuous infusion of sodium
bicarbonate was administered and continued until
further resuscitation efforts either resulted in an
organized, perfusing rhythm or until 180 meq had
been infused.

During this 2-year study ending in 1985, the treat-

ment protocol was modified. Depending on the cal- _

endar day (odd number or even number), patients
who persisted in ventricular fibrillation after the first
200-J shock were assigned to receive either a 100-mg
bolus of lidocaine or a 0.5-mg bolus of epinephrine
(open label) through a peripheral intravenous can-
nula before a second 200-J shock was given. If
ventricular fibrillation persisted after the second
shock, a second bolus of the assigned drug was
authorized and was followed by a third 360-J shock.
After this point, additional epinephrine or lidocaine
(for those patients who had not previously received
lidocaine) was authorized. The resuscitation attempt
was continued until the patient either regained an
organized rhythm or became refractory to all treat-
ment and was declared dead.

During this 24-month study, a total of 471 patients
were discovered in cardiac arrest and ventricular
fibrillation by paramedics. Ninety-eight were ex-
cluded from the trial because each had received
either intravenous drug therapy or defibrillation at-
tempts given by specially staffed first-response units
before paramedic arrival (advent of enhanced first-
level services). Thus, 373 patients with cardiac arrest
due to ventricular fibrillation were potential candi-
dates for the lidocaine/epinephrine drug comparison.

The paramedics’ defibrillator monitors (Lifepak 5,
Physio-Control Corporation, Redmond, Washing-
ton) were modified so that electrocardiographic
(ECG) rhythm would be continuously recorded on
magnetic tape. These tape recordings were reviewed
to determine the times of drug administration and
rhythms before and after each defibrillation attempt.
Unfortunately, the miniature magnetic tape record-
ing systems for this purpose are relatively unreliable

(tape drive, cassettes, and limited battery capacity), '

and nearly one fourth of the resuscitations were not
recorded. The rhythms were grouped as follows:

ventricular fibrillation, asystole, supraventricular
rhythms, and idioventricular rhythms (QRS com-
plexes>110 msec and no discernible atrial activity).
The patients’ prehospital and hospital records were
reviewed to determine clinical and demographic fac-
tors, emergency response times, and hospital out-
come for each patient.

To put the findings from this 2-year trial in overall
perspective, we compared results with those in simi-
lar patients treated during the prior 24 months. In
this control period, 630 comparable patients were
discovered in ventricular fibrillation by Seattle Fire
Department paramedics. Again, excluding those
given drug therapy or early defibrillation by first
responders before paramedic arrival, 500 (79%) pa-
tients provided a group for historical comparison,
The protocol for resuscitation during this earlier
2-year period was the same as during the drug study,
with the exception of the type of initial drug therapy
prescribed. A continuous infusion of sodium bicar-
bonate was most often the only drug administered
between the first two shocks. Treatment with epi-
nephrine or lidocaine between shocks 1 and 2 was
unusual.

Discrete variables were compared among patients
in the lidocaine, epinephrine, and historical control
groups by using x? analysis or Fisher’s exact test.
Continuous variables were compared between treat-
ment groups by using Student’s ¢ test or analysis of
variance. Multivariate analyses (logistic regression)
were used to determine the effects of drug treatment
and outcome. Where appropriate, the results were
analyzed on the basis of intention to treat and actual
treatment received.

Results

Patient Characteristics

During the 2-year period of epinephrine and
lidocaine administration for treatment of persistent
ventricular fibrillation, 373 patients were discovered

- by paramedics to be in cardiac arrest due to ventric-

ular fibrillation; 199 (53%) persisted in ventricular
fibrillation after the first 200-J shock. By odd/even
calendar day, 106 of the 199 patients were allocated
to receive lidocaine after shock 1, and 93 were
allocated to epinephrine treatment. Of the total 199
patients with persistent ventricular fibrillation in
both groups, 147 (74%) had adequate tape record-
ings for analysis of the ECG rhythm before and after
shock 2; for the remainder, the recorder malfunc-
tioned (battery or tape-drive problems) and no tape
was available. The amplitude of ventricular fibrilla-
tion was greater than 200 uV in 129 (88%) and lower
than 200 wV in 18 (12%) of the 147 patients in whom
the resuscitation was recorded on tape.

Drug Assignment

Seventy (66%) of the 106 patients allocated to
receive lidocaine received a bolus, per protocol, after
shock 1. Thirty-four (49%) of the 70 patients treated
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TaBLE 1. Comparison of Clinical and Emergency System Characteristics of Patients Assigned to Lidocaine and
Epinephrine for Persistent Ventricular Fibrillation After Shock 1*

Sy

Sodium
Lidocaine Epinephrine bicarbonate
Characteristics (n=106) (n=93) (n=224)
Age (yr=SD) 67.5+13.2 66.3+1.3 65.6+12.6
Emergency dispatch to first response arrival (min+SD) 3.5+1.3t 31+1.4% 3.1x14
Emergency dispatch to paramedic arrival (min£SD) 6.9+3.4 6.3+£2.7 6.8+£3.2
Emergency dispatch to first shock (min£S8D) 9.7x4.0 9.2+4.8 9.3+3.2
Male sex (%) ' 89 (84) 77 (83) 177 (719)
Witnessed collapse (%)% 76 (72) 72(77) 168 (77)
Bystander-initiated CPR (%) 34 (32)t 47 (50)t 73 (33)

*Findings in a comparable historical control group from the prior 2 years are also shown. During that time, sodium
bicarbonate was the predominant drug infused between shocks 1 and 2. CPR, cardiopulmonary resuscitation,
+ p<0.05 between the patients in the lidocaine and epinephrine groups.

1 Percentages are adjusted for known cases.

with lidocaine failed to defibrillate after a second
200-J shock; 29 of these 34 patients then received a
second bolus of lidocaine and a third shock was
given. Of the remaining five patients, one received
both lidocaine and epinephrine and four received no
drug between shocks 2 and 3.

Thirty-six (34%) of the 106 patients initially allo-
cated to lidocaine treatment received either a sodium
bicarbonate infusion alone (n=13) or no drug before
shock 2 (n=15). A few others inadvertently received
either epinephrine (n==6) or both study drugs (n=2).
Seventeen patients in this subset of 36 failed to
defibrillate after shock 2; 11 received a bolus of
lidocaine (late treatment) before shock 3. Thus, in
all, 83 (78%) of the 106 patients allocated to
lidocaine received one or more boluses of lidocaine
before shock 3 for treatment of persistent ventricular
fibrillation; 53 patients (50%) received 100 mg, and
30 (28%) received 200 mg.

For the 93 patients allocated to receive epineph-
rine, 58 (62%) received a 0.5-mg bolus after shock 1.
Thirty (32%) of these failed to defibrillate with the
second shock; 27 of the 30 received a second bolus
before a third defibrillation attempt. For the three
remaining patients, one received sodium bicarbonate
and two received no drug before shock 3.

Inadvertently, 35 (38%) of the 93 patients initially
assigned to epinephrine treatment received either
sodium bicarbonate alone (n=17), no drug (n=15), or
lidocaine (n=3) before shock 2. Of the 24 patients in
this subset who failed to defibrillate with the second
shock, 15 received epinephrine before shock 3 (late
treatment). In all, 70 (75%) of the 93 patients allo-
cated to receive epinephrine for persistent ventricular
fibrillation received one or more injections before the
third shock, including 43 (46%) who received one
injection and 27 (29%) who received two.
~ Considering the actual treatment received by pa-
tients with ventricular fibrillation persisting after
either the first or second. shocks, 86 (43%) were
treated with lidocaine, 79 (40%) received epineph-
rine, five (2%) received both drugs, 15 (8%) received
no drug treatment, .and 14 (7%) received simply a

BN

contihuous infusion of sodium bicarbonate during
this initial phase of the resuscitation attempt.

Table 1 compares the age and emergency vehicle
response times (surrogate measures of the delay from
collapse to initiation of cardiopulmonary resuscita-
tion and defibrillation) for the patients in the two
drug treatment groups. The response times were
similar for patients who received epinephrine treat-
ment and patients who received lidocaine treatment.
By chance, a greater proportion of the patients in the
epinephrine group received cardiopulmonary resus-
citation initiated by a bystander (46% vs. 29%, re-
spectively; p<0.02). From the taped recordings, the
time of the first shock was 9 minutes after the
emergency call. Approximately 4 minutes were re-
quired for intubation and intravenous cannulation
after shock 1. The second shock was delivered an
average of 1424 minutes after the emergency call for
patients in both treatment groups.

ECG Findings After Treatment and Shocks 2 and 3

There were no significant differences in the result-
ing rhythms between the patients in the two treat-
ment allocation groups after shock 2 (Table 2). One

* hundred thirty-nine (70%) of the 199 patients with

cardiac arrest had taped resuscitations in which the
rhythm was recorded from the time of attachment of
the electrodes until cardioversion. The proportion of
patients with each rhythm at the end of the protocol
was as follows: supraventricular rhythm in 31 (22%),
ventricular fibrillation in 44 (32%), idioventricular in
43 (31%), and asystole in 21 (15%). Approximately
20% of patients in both treatment allocation groups
developed a supraventricular rhythm after the second
shock. There was, however, a trend after both shock 2
and 3 toward an increased incidence of asystole in
patients who were randomized to receive lidocaine
and a lesser trend toward more persistent ventricular
fibrillation in those who received epinephrine.
Because wsorz patients received the allocated
drug late in the protocol (after the second shock)
and there was a small proportion of crossover
between groups, the resulting thythm was analyzed
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TABLE 2. Rhythm After Shock 2, Shock 3, and at End of Treatment Protocol by Intention-to-Treat Patients Given Either Lidocaine or
Epmephnne for Persistent Ventricular Fibrillation, and a Subsequent Shock Was Delivered

5 ‘3, " Lidocaine group Epinephrine Group
After shock 2 After shock 3 End of protocol ~ After shock 2 After shock 3 End of protocol
Rhythm n (%) n (%) n (%) n (%) n (%) n (%)
Supraventricular 14 (19) 2(6) 16 (22) 12 (18) 3(8) 15(23)
Ventricular fibrillation 33 (44) 19 (59) 19 (26) 39 (59) 25 (66) 25 (38)
Idioventricular 19 (25) 4(12) 23 (31) 11(17) 9(24) 20 (31)
Asystole 9(12) 7(22) 16 (22) 4 (6) 1(3) 5(8)

Tape recordings of the resuscitation and rhythms were available in 141 of 199 patients who persisted in ventricular fibrillation after shock
1 and in 70 of 105 patients who persisted in ventricular fibrillation after shock 2.

according to actual treatment received. Eighty-six
patients received at least one bolus of lidocaine
before the third shock and 79 received epinephrine
before the third shock. Taped resuscitations were
available in 59 (69%) of the patients treated with
lidocaine and 55 (70%) of the patients treated with
epinephrine. Asystole followed defibrillation three-
fold as frequently after treatment with lidocaine
than with epinephrine, that is, 15 of 59 (25%) versus
four of 55 (7%) (p<0.02) (Figure 1). The propor-
tion of patients persisting in ventricular fibrillation
at the end of the protocol was similar for both those
receiving lidocaine and those receiving epineph-
rine, that is, 20 of 59 (34%) and 21 of 55 (38%),
respectively. The proportion of patients treated
with lidocaine who converted to a supraventricular
rhythm, however, was half that observed in those
who received epinephrine, or seven of 59 (12%)
versus 13 of 55 (24%). Thus, the distribution of
resulting rhythms (supraventricular, ventricular fi-
brillation, idioventricular, and asystole) was signif-
icantly different for the patients receiving the two
treatments ( p<0.05; test for trend, p=0.01), when
the resulting rhythms were ordered and analyzed
per drug given. This particular order was chosen
because it is related to a descending likelihood of
survival.18

The total number of shocks delivered during re-
suscitation was greater for patients allocated to epi-
nephrine than for those patients assigned to
lidocaine (6.4+4.2 vs. 5.2+3.9, respectively; p=0.03),
reflecting the association of persistent ventricular
fibrillation with epinephrine treatment and asystole
with lidocaine treatment.

Patient Outcome for the Two Treatments

Approximately one half of the patients were
resuscitated and admitted to the hospital (Figure
2). The proportion of patients either fully awake or
partially responsive at the time of admission (a
finding consistent with rapid resuscitation) was °
similar for both treatment groups, that is, nine of 48 °
(19%) and seven of 46 (15%), respectively. Hospital -
mortality rates after admission were also compara-
ble; 30 (59%) of the 51 patients assigned to
lidocaine and 32 (64%) of the 50 patients assigned
to epinephrine died after admission. Overall, 21
(20%) of the 106 patients assigned to lidocaine and
18 (19%) of the 93 patients in the epinephrine
group were discharged from the hospital. :

Outcomes were also similar when analyzed by drug
treatment received. Thirty-six (42%) of the 86 pa-
tients treated with lidocaine and 40 (51%) of the 79
patients treated with epinephrine were admitted to -
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FIGURE 1. Bar graph of riythm results analyzed by actual FIGURE 2. Bar graph of outcome of patients who persist in

treatment received. Asystole was threefold as frequent after
initial use of lidocaine than after epinephrine (p<0.02). Taped
rhythms were available in 70% of patients in both drug groups.
Rhythms tabulated are those either after shock 3 for persistent
fibrillation or after the first conversion before that time.

ventricular fibrillation after shock 1 and who were assigned 10
lidocaine or epinephrine treatment before additional defibrilla-
tion attempts. The proportion of patients admitted to the hospital
and discharged was similar for patients in both the epinephrine
and lidocaine treatment groups during the study period.
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the hospital. The rates for survival to hospital dis-
charge were 13 of 86 (15%) versus 14 of 79 (18%),
respectively.

The overall 16% survival rate (28 of 170) for
patients who received either drug was significantly
lower than the 38% survival rate (11 of 29) in the
subset who either received no drugs (n=15) or simply
a continuous infusion of sodium bicarbonate before
the second shock (n=14) (p=0.01).

Survival (hospital discharge) was then analyzed
by type of treatment given in a multivariate analysis
that considered the previously stated clinical and
emergency response factors. Longer times from the
emergency dispatch to the arrival of the first emer-
gency vehicle (odds, 0.25; 95% confidence interval
[C1], 0.05-1.18; p=0.06), the time to first shock
(odds, 0.57; 95% CI, 0.34-0.95; p=0.006), and treat-
ment with lidocaine or epinephrine (odds, 0.24;
95% CI, 0.08-0.76; p=0.02) were each predictive of
worsened survival.

Lidocaine and Epinephrine Treatment Results Versus
Results in Historical Controls (Sodium Bicarbonate)

The outcome of patients treated with lidocaine and
epinephrine was compared with the outcome in a
similar group of consecutive patients treated during
the prior 2 years. During that earlier time, 224
patients persisted in ventricular fibrillation after the
first shock. Tape recordings were available in 149
(67%) of these 224 patients. The protocol for intu-
bation and intravenous cannulation between shocks 1
and 2 was the same as during the epinephrine/
lidocaine study years. The type of drug therapy
delivered between the first two shocks could be
ascertained in 214 of the 224 patients from review of
the resuscitation tapes and prehospital medical rec-
ords. Sodium bicarbonate was infused in 132 patients
(62%), 33 (15%) received either lidocaine or epi-
nephrine plus sodium bicarbonate, three received
some other drug combination, and 43 (19%) received
no drug between the first two shocks.

Patient age, the proportion of patients with wit-
nessed collapse, as well as the response time of
emergency vehicles were similar to those for the 199
patients treated with lidocaine or epinephrine with
persistent ventricular fibrillation (Table 1). The over-

all proportion of patients who received bystander-
initiated cardiopulmonary resuscitation tended to be
higher during the later period than during the early
period, that is, 41% versus 33%, which might bias
toward higher survival rates for patients treated with
epinephrine or lidocaine. The time delay between
shocks 1 and 2 was significantly longer in patients
treated with epinephrine and lidocaine (5.0£2.0 vs.
4.1+2.7 minutes, p=0.004). This probably reflects the
additional time required to administer a bolus of
these drugs compared with the continuous infusion
of bicarbonate initiated at the time of intravenous
cannulation in the earlier 2 years.

One hundred forty-four (64%) of the 224 historical
control patients were resuscitated and admitted to
the hospital compared with 101 (50%) of the 199

-

patients during the epinephrine/lidocaine period
(x*=17.92; df=1, p<0.005). The proportion of pa-
tients discharged, however, was similar for both
periods, that is, 54 of 224 (24%) versus 39 of 199
(20%), respectively.

A stepwise logistic regression analysis of survival in
all patients with persistent ventricular fibrillation
after shock 1 who were treated during the 4-year
period was performed. Survival was positively corre-
lated with witnessed collapse, younger age, shorter
paramedic response time, bystander-initiated car-
diopulmonary resuscitation, and male sex (Table 3).
Survival was adversely related to receipt of lidocaine,
epinephrine, or both, before the second shock for
persistent ventricular fibrillation.

Time Between Shocks and Survival

The possible relation between the adverse effect of
treatment with epinephrine or lidocaine and the
attendant delay in administering these treatments
was then examined. The time between shocks 1 and 2
was known in a subset of 296 patients with taped
resuscitation attempts, 147 patients from the epi-
nephrine/lidocaine period and 149 from the earlier
period. As a first step, the stepwise logistic regression
shown in Table 3 was repeated. Paramedic unit
response time was used as a surrogate measure of the
time from the emergency call until the first defibril-
lation to provide known values in the greatest num-

ber of patients. Drug treatments were grouped as

TasLE3. Predictors of Survival to Hospital Dis'charge in Consecutive Patients With Persistent Ventricular Fibrillation

After Shock 1

Variable Odds ratio 95% CI x* v
Witnessed collapse 2.4 1.24-4.80 9.07 0.003
Age* 0.87 0.79-0.96 6.34 0.012
Paramedic response time? 0.73 0.56-0.95 6.49 0.011
Bystander-initiated CPR 1.78 1.06-2.97 4.73 0.030
Administration of lidocaine before shock 2 0.42 0.22-0.82 4.85 0.028
Male sex 2.00 0.95-4.21 3.63 0.057
Administration of epinephrine before shock 2 0.56 0.28-1.10 3.02 0.082

Cl, confidence interval; CPR, cardiopulmonary resuscitation.

* Evaluated in 5-year increments for odds ratio and confidence interval.

+ Evaluated in 3-minute increments for odds ratio and confidence interval.
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either 1) lidocaine. epinephrine, or both drugs versus
2) sodium bicarbonate or no drug administered.

Unlike the prior multivariate analyses, survival in
the subset of patients with tapes of resuscitation
(required to tabulate the time between shocks) is
higher in the historical control versus the epineph-
rine/lidocaine periods and may possibly bias results.
Survival was 29.5% for taped patients and 13% for
untaped patients during the first 2 years. For the
lidocaine/epinephrine years, no bias is apparent, that
is, there was 19.7% survival in taped patients versus
19.2% in untaped patients, respectively.

Although our ability to conclusively evaluate the
effect of drug treatment versus time to shock is
. possibly hampered by this problem, the stepwise
logistic regression analysis was repeated with the
significant predictors of patient outcome in the
model at the outset (witnessed collapse, age, para-
medic response time, and bystander-initiated car-
diopulmonary resuscitation). Drug treatment and
minutes between shock 1 and shock 2 were free to
enter the analysis. Only the time delay between
shocks (and not drug treatment) was a significant
predictor of survival after adjustment for the previ-
ously noted covariates (odds ratio, 0.75; 95% CI,
0.57-0.97), thus suggesting that the major negative
effect of drug treatment was the time required to give it.

Figure 3 shows the admission and discharge rates
for 411 patients with persistent ventricular fibrillation
(all patients, taped and not taped, in whom drug
treatment could be determined) after shock 1 and
treatment with either epinephrine or lidocaine (176),
a simple continuous infusion of sodium bicarbonate
(162), or no drug treatment (73). Both hospital
admission and discharge rates differed by treatment
delivered, being lowest in those patients who re-
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FIGURE 3. Bar graph showing hospital admission and dis-

charge rates in patients who persisted in ventricular fibrillation
after the first defibrillation attempt. The results are based on
findings over a 4-year period and include all patients who
persisted in ventricular fibrillation and the treatment received,
that is, epinephrine or lidocaine, sodium bicarbonate, or no
drug treatment before the second shock. Hospital discharge
rates were highest when no drug was administered for persis-
tent fibrillation and repetitive shocks were instead delivered.

ceived either epinephrine or lidocaine and highest in
those receiving no drug treatment between shcockss

Discussion

Two possible methods for improving outcome from
cardiac arrest are to shorten the time to defibrillation
as much as possible and to use a drug that can restore
pulse and blood pressure when simple defibrillation
does not. Rapid delivery of shocks to patients discov-
ered in ventricular fibrillation is a significant predic-
tor of successful outcome.'*-? In contrast, most patients
are not defibrillated immediately, and adjunctive phar-
macological treatments are commonly used.

Clinical studies of drug treatment and their influ-
ence on resuscitation outcome after cardiac arrest
are complicated to conduct and interpret. First,
patients discovered in out-of-hospital cardiac arrest
rarely respond immediately to pharmacological treat-
ment. The circulation and distribution of the drug
during chest compression is altered, and thus, the
onset of effect is delayed. Interpretation of the
results is further complicated by the fact that if one
drug fails to elicit a prompt response during the
protocol, the clinician will often use any other drug
available to resuscitate the victim although the full
effects of the first drug may not yet be evident.
Epinephrine is currently recommended as adjunctive
treatment in resuscitation despite the fact that the
drug may precipitate arrhythmias and increase myo-
cardial metabolic demands. One recent trial showed
epinephrine superior to methoxamine during resus-
citation, suggesting that the choice of initial drug
therapy can make a difference.22 An alternative
approach for managing persistent ventricular fibril-
lation is to use an effective antiarrhythmic drug. One
prior study failed to detect any benefit of lidocaine
during resuscitation.?3

The current study was a prospective evaluation of
the initial use of lidocaine or epinephrine for patients
who persisted in ventricular fibrillation after the first
200-J defibrillation attempt. Parenthetically, an ear-
lier study had shown that both 200-J and 360-J

“energy level shocks were equally effective for the first
two defibrillation attempts.’® The purpose of this
drug comparison was to determine which drug would
prove more useful to treat persistent ventricular
fibrillation, an antiarrhythmic drug or a drug aimed
at augmenting perfusion during artificial circulation.

The interpretation of these results is complicated
by the difficulty experienced by paramedics in adher-
ing to a strict protocol during the highly charged and
energetic effort of out-of-hospital resuscitation.
When the first shock failed to cause defibrillation,
only two thirds of the patients in each drug assign-
ment group with persistent ventricular fibrillation
initially received the assigned drug before the second
shock, and three fourths cf patients allocated to both
lidocaine and epinephrine received the assigned drug
before delivery of shock 3. On other occasions,
shocks were delivered without intervening drug ther-
apy, particularly if intravenous cannulation could not
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be rapidly accomplished. In the tape recordings of
resulting rhythms, there were trends but no signifi-
cant differences between the two drug treatments
(intention-to-treat analysis). Results-based on actual
treatment received showed otherwise. The use of
lidocaine was associated with a threefold higher
occurrence of asystole in subsequent defibrillation
attempts. Lidocaine treatment of ambient ventricular
ectopy has also been reported to cause asystole.2425

The use of lidocaine, epinephrine, or both, be-
tween the initial two defibrillatory shocks was asso-
ciated with poorer survival than in other patients with
persistent ventricular fibrillation who received either
only sodium bicarbonate or, instead, no drug treat-
ment between shocks. Although the lack of tapes
prevented an estimate of time between shocks in all
cases, the adverse effect of epinephrine and lidocaine
treatment for persistent fibrillation appeared related,
at least in part, to the added time required to
administer these drugs.

These results should not be interpreted to show that
sodium bicarbonate, a drug with potentially adverse
effects on cardiac resuscitation and hemodynamics,
should be recommended for persistent ventricular
fibrillation.®?® It was the practice in the Seattle
paramedic system during the early 1980s to start a
continuous infusion of sodium bicarbonate in patients
who remained pulseless after initial defibrillation at-
tempts. The rate of infusion was slow so that several
minutes were required to infuse no more than 180
meq to those patients who did not reestablish a pulse
after initial countershocks. In contrast, these results
failed to uncover any adverse effect of sodium bicar-
bonate use during resuscitation. The dosage of epi-
nephrine used also may be criticized as being insuffi-
cient to maximize hemodynamic effects; that is, a dose
several-fold higher may be required and could have
yielded quite different results. There are several ex-
perimental studies and case reports purporting a
benefit with higher than standardly recommended
doses of epinephrine.®-* This study, in fact, suggests
that the current dose of 0.5-1.0 mg is ineffective, and
the time required to give it is possibly detrimental. The
clinical benefit and safety of higher epinephrine dos-
ages is at present unclear, and the observations to date
are inconsistent, some suggesting beneficial and others
suggesting adverse effects with higher dosages.34.3

The difficulties encountered in this study highlight
the obstacles in performing studies during resuscita-
tion. The management of out-of-hospital cardiac
arrest requires intense effort with limited personnel.
Unless there is a major and immediate salutary effect
associated with a treatment, its benefit may go unde-
tected. In spite of these obstacles, the importance of
such investigation is obvious and the prehospital
setting provides a less complicated clinical situation
than the hospital, where cardiac arrest is often the
end result of complex metabolic disorders.

The findings here provide a rationale forurapid
repeated shocks for the patient who initially fails
defibrillation. This is consistent with another report

that showed the superiority of defibrillation com-
pared with initial drug treatment for the initial
management of cardiac arrest.3” It is unclear how
many shocks should be repeated before drug therapy
is initiated. Currently, three are recommended. The
chance of defibrillation appears to be 50-60% with
each attempt and is not influenced substantially by a
prior failure. Perhaps, until an adjunctive pharmaco-
logical treatment is shown beneficial, even a greater
number of shocks should be given, virtually assuring
defibrillation (at least transiently) in all patients. The
clinical importance of such an approach (lives saved),
however, has yet to be shown. :

Summary

In this study, there was no clinical evidence to
support any form of drug therapy for initial treatment
of persistent ventricular fibrillation. Drug treatment
should be withheld until several repeated shocks
have failed to restore an organized perfusing rhythm.
The early use of lidocaine appears to cause asystole
after countershocks. The present guidelines of three
shocks for persistent ventricular fibrillation and then
application of drug therapy need to be reexamined.
Five stccessive shocks would achieve at least tran-
sient defibrillation in virtually all patients.
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Multicenter randomized

trial and a systematic

overview of lidocaine in acute myocardial infarction

Zygmunt P. Sadowski, MD, John H. Alexander, MD, Bogdan Skrabucha, MD, Andrzej Dyduszynski, MD, Jerzy
Kuch, MD, Edmund Nartowicz, MD, Grazyna Swiatecka, MD, David E. Kong, MD, and Christopher B, Granger,

MD, FACC Warsau, Poland, and Durbam, NC

Background Mmors than 20 randomized Irials and 4 meta-analyses have been canducted on the use of prophylactic
lidoesine in gecute myocardial infarction (M1). The resulls suggest thal lidocaine reduces ventricular fibrillation {VF) but

increases mortality rales in acute M.

Methods and Resuylts Patients with ST-elevation MI who were examined <4 hours after symplom onsel {n = 903)
wers randomly assigned fo either lidocaing or no lidocgine ond 1o either streptokinase and heparin or heparin clone. lido-

caine was given as 4 boluses of 50 mg each evary 2 minutes,
36 hours, We compared the incidence of in-hospital death an

of prophylactic lidocaine in acute Ml that included these and

lidocaine were caleulatad for each trial, then odds ratios {OR

then an infusion of 3 mg/min for 12 hours, then 2 mg/min for

) with confidence intervals (Cl) were caleulated for the risk of

these events overall with and without lidocaine. Patients given lidocains in the randomized study had significantly less VF
{2.0% vs 5.7% without lidocaine, P = .004) and & trend toward increased mortality rates (9.7% vs 7.0%, P = .143). Melg-
onalysis revealed nonsignificant trands toward reduced VF{OR 0.71, 95% Cl 0.47 16 1.09) and increased moriality rates

{OR 112, 95% C1 0.9 1o 1.36} with lidocaine.

Conclusions Lidocaine reduces VF but may adversely affect
acute Ml is not recommended. {Am Heart | 1999,137:792.8.)

See related Editorial on page 770.

Despite significant advances over the last decade, high
rates for carly death persist after acute myocardial
infurction (MD). Much of this early death resulis from
ventriculae fibeillation (VE), which typically occurs carly
after the ansct of symproms, Sinee the first use of lido-
¢uine during the 1960s to prevent venericular Abeillation
(VT with acute MI,! more than 20 randomized 1rals
and -f mera-analyses have studicd its use. 25 There i now
2 peneral consensus that lidocaine prevents VE bur at
the expensc of a possible increasc in mortality, presum-
ably because of bradyarrhythmizs and asystole.©

The henefit or harm of the use of lidocaine in acute
MT remains controversial. Previous teials have been
limited by small sample sizes, short follow-up, inclu-
sion of patients without confitmed MI, and nonstan-
dard lidocaine regimens. [n addition, most of these -
als were conducted before the widespread use of
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morlality rates. The routine usa of prophylactic lidocains in

thrombolytic therapy and may be less relevant 1o cuar.
rent clindcal practice,

We performed a randomized trial of prophylactic
lidocaine and streprokipase in patents with acute MI
in Poland between (986 and 1987, It is the largest sin-
glc study of the usc ofintravenous lidocalne in acute
Ml in the thrombolytic cra, In addition to reporting
these results, we report an overview of the world's
cumulative cxpericnee with the use of prophylactic
lilocainc in acuie M.

Methods
Study population

Patients were considered for ensoliment if they had chest
paiq lasting >30 minutes; had STscgment elevadon of 20.15 mv
In 22 contiguous precordlul leads ar 0.1 my in 22 limb leads;
had ' contraindicarion 1o lntravenous Hdocaine or nitroglyc
erin; and were examined ag the hospital within 6 hours of Nymp-
tom onsut. Exclusion criverla included age >70 yedrs, secand: or
third-degree arioventriculas block, severe sinug node dysfurnie
tion (heart rite <50 besits/min of sipus arrest >2 seconds),
reeent or currint bleeding, known hempstatic disorders, history
of cerebrovascular accident, surgical procedure within 1
month, uncontrolled hypertcnsion (blood pressure >2007/100
mm Hg), hypoteasion (systolic pressure <90 mm Hg) or shack,
severs remal of hepatie dysfusiction; gastrointestinal ukeer
within the past' 2 years, recent cardiopulmoniry resuscitation,
pregnancy, or any life-threatening condition,
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Tub ' k;“ose-# heparin:freaiment grougs —
Shreptokinase + heparin ' Heparin
Lidocaine No lidocaine Lidocaine No lidocaine
{n=178) {n= 175} {n = 170) {n ='180)
Agely) 54.4 524 539 53.8
Mols 144 {82,0%) 143 (B).7%) 141 {82.9%) 143.{79.4%)
Height {cm) 169.6 1701 169.6 169.0
Waigh {kg} 76.0 76.2 738 772
Current smoking 113 {63.5%} 127 (72.6%) 120 {70.6%} 99{55.0%)
Dicbetes 19 {10.7%) 13 {7.4%) 17 {10,0%) 21 11.7%)
Previous Ml 32(18.0%) 27 [15.4%) 34 (20.0%) 34(20.0%)
Adterior Ml 77 (43.3%) 65 (371%) 68 (40,0%) 64 (35.6%)
Inferior M} 97 (54.5%) 106 (60.6%) 93 [54.7%) 113 {62.8%)
Hear! rote {beats/min) 7846 78.0 BO.O 75.7
Sysholic blood pressure {mm Hg) 130.5 1311 126.1 135.0
Killip closs
it 172 (96.6%} 170 {97.1%) 161 [94.7%) 172 (95.6%)
ALY : 8 {3.4%) 5(2.9%) 9 [5.3%) 81{4.4%)
Time'to reatmant {hr) " 27 2.6 27 2.7
Confirmed Mi 174 (97.8%) 171 (97.79%) 162 {95,3%) 177 (98.3%)
Q-wave M| 161 (90.4%) 159 {90.9%) 146 (85.9%) 164 (91.1%]
Non-Qweve Ml 13 {7.3%) 12 [6.9%) 16 {9.4%) 13 {7.2%)
Dolo are givan o5 medians or os number [%) of paliesh. -
*Time fram symplom ansat o beginning of lidocaina theropy.
ol ::.Sy}fi&qcainéiw,m Dokl ‘ireatmant groups
Streptokinase + heparin Heparin
Lidocaine No lidocoine Lidacolne No lidocaing
{n=178) {n = 175} P valye (n= 170) {n = 180) P valus
Ventricular tochycordia 3(1.7%) 1 (6.3%) 023 512.9%) 4(2.2%) 745
Venrricular fibrillation 4 {2.2%) 13 {7.4%) 020 1(0.6%) 7{3.9%) .068
Asysiole/sinus nade dysfunction 39 {21.9%) 33 {18.9%) A76 17 {10.0%} 21 {11.7%) 616
Alriovantricular black 27 (15.2%) 18 {10.3%) 148 5{2.9%) - 16 [8.9%) 016
In-hospital mortality rate 16 {9.0%) 11.16.3%) 338 13 (7.6%} 12 (6.7%) 722

Datg ore given a3 numbar [%] of paflents.

Olkin.28 This is a random-cfects modcl that redinces 1o a
fixed<ifects model when studies are homogencous, Risk
differcnccs between control 4nd treatment arms were com.
pured for the events of each tlal and combined by using
the same model.

Results
Randomized trial

A total of 903 paticnts were enrolled and. tandomly
assigned to lidocaine or no lidocaine, Of these, 703 had
1o contraindications to streptokinase and were also
randomly assigned to either streptokinase plus heparin
or heparin alone. Baseline characteristics by treatment
group are shown inTablc L. Patients randomly assigned
to lidocaine were similar to patients randomly assigned
1o no lidocaine in sex, smoking status, diabetes, previ-
ous MI, heart rate, systolic blood pressure, baseline Xil

lip class, time to treatment, and incidence of Q-wave MI.
Patients randomly assigned to lidocaine were signifi-
cantly lighter and had significantly fewer inferior Mls;
they also tended to be older (by 1.1 years) and have
more confirmed Mls:

Clinical'outcomes by treatment group are shown'in
Table N.There was a teend toward increased mortality
rates In partients given lidocaine compared with
patients not given lidocaine (9.7% vs 7.0%,P =.145).
Patients who tecelved lidocainc had a significant
reduction in VF (2.0% vs 5.7%,P = .004) and a trend
toward a reduction in ventricular tachycardia (2,2% vs
3.5%, P = .261) compared with those who did not
receive lidocaine. Lower rates of VF with lidocaine
were seen both in parients randomly assigned to strep-
tokinase plus heparin aad in patients randomly
assigned to heparin alone. There wz; no difference in
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Lidocaine

Included in Analysis
Triat meta-analyses Year Route method n Mortality {n) VF [n)

Kostuk and Beanlands” 4,5 1949 v AMI 34 4] 0
Bennelt al al® 34,5 1970 v AMI 249 25 16
Magensen? 3 1970 v AMI 1 12 ]
Baker af all0 4,5 1971 v AMI 21 S 4]
Choprg ¢t al¥ 345 1971 v i 3 7 3
Pilt et al2 345 1971 v AMI 108 9 1
Darby et of1d 34,5 1972 v AMI 103 12 4
C’Brien et o4 3,45 1973 v mr 154 11 7
Bleifeld et af'5 3 1973 v T 4] 2 0
Lie ot ollé 34,5 1974 v AM] o7 8 0
Valentine et al? 3,5 1974 IM AMI 207 18 ND
Sandler et o]t 4,5 1974 IM AMI 9N 0 0
Singh and Kocol'? 45 1976 M T 27 o] 0
Lie et gl20 3.4.5 1078 M AM| 147 5 4
Waennerblom er gf2! 3,5 1982 M T 71 5 0
Dunn et al22 34,5 1985 IM T 207 8 0
Kaster and Dunning?? 345 1985 M nr 2987 19 8
Horgarien et al24 3.5 1986 M T 222 18 2
Wyse et gf23 4,5 1988 v T 148 8 ]
Hargorien et af2é 1990 v ar 704 57 T4
Sadowsk] &t ol 1998 Iy i 445 43 -9
Total 4223 272 &0
Acute myocordial infaretion [AMI] includ only patiants with confirmed acute myoeswdiol infareian,

Martality, latest reportad ali<ouss moriallty rate; n, number of pattents anralled on inlentiondiedreat basis; IV, inta ux T, inin lo; NO, no dola evailable.

lidocaine was seen in all subgroups of patients, includ-
ing patients given streptokinasc with heparin, heparin
alone, and neither streptokinase nor heparin. Because
of the smaller sample sizes of these subgroups, many of
these differences did not reach statistical significance.

At bascline, parients who reccived lidocaine had
significantly fewer inferior MIs and tended to be
older and to have morc confirmed Mls than those
who did not receive lidocaine, These differences in
baseline characteristics may reflect a higher base-
line risk of death for patients-randomly assigned 1o
lidocaine and may partially explain the increased
mortality rates seen in the lidocaine-treated patients
in this trial.

It has been hypothesized that lidocaine increases
mortality rates through an increase in bradyarrhyth-
mias and asystolc. 46 There was no detectable
increase in asystole; sinus node dysfunction, or atei-
oventricular block in parients who received lido-
caine. In fact, the subgroup of patents who reccived
both heparin and lidocaine had a significantly lower
rate of atrioventricular block than those who
reccived heparin alone. This Gnding in an unex-
pected subgroup, however, probably reflects the play
of chance. Whether lidocaine produccs a higher rate
of bradyarrhythmias and asystole remains controver-
sial. Whatever the mechanism, this trial is consistent

with the possibility that lidocaine therapy is associ-
ated with worse outcomes:

More than 20 randomized trials of prophylactic lido-
caine use in acute MI were conducted berween 1969
and 1990 (Table IIN.725 Although some trials showed
a reduction in VF with prophylactic lidocaine, 2+ nope
had sufficient statistical power 1o determine whether
lidacaine improves survival in these paticnts. Three
mcta-analyses of prophylactic lidocaine concluded
thar although lidocaine reduces VF after acute MI, it
increases short-term mortality rates,>5 particularly in
patients with confirmed MI3 possibly through an
increased incidence of bradyarrhythmias 4

Our systematic overview included all andomly
assigned patients, based on the “intention-to-treat” prin-
ciple, and reported total VF and the [atest repoited all-
Causc mortaliry rates. Although the bencficial effects of
lidocaine on VF are likely to be recognized early, lido
caine may have benefits and/or risks that are not appar-
ent until later follow-up. Most of the toals reported In-
hospital rates of VF and moreality, and several reported
even shorter follow-up periods.

When only the trials from the prior metaanalyses
were considered, lidocaine therapy was associated with
trends roward reduced VF and increased mortality rates.
The addition of the study by Hargarten er af?6 and the
current trial to the overview increased the magnitudc
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Randomized, Double-Blind Comparison of
Intravenous Amiodarone and Bretylium in the
Treatment of Patients With Recurrent,
Hemodynamically Destabilizing Ventricular
Tachycardia or Fibrillation

Peter R. Kowey, MD; Joseph H. Levine, MD; John M. Herre, MD; Antonio Pacifico, MD:
Bruce D, Lindsay, MD; Vance J. Plumb, MD; Denise L. Janosik, MD; Harry A. Kopelman, MD;
Melvin M. Scheinman, MD; for the Intravenous Amiodarone Multicenter Investigators* Group

Background  After several days of loading, oral amiodaraone,
a class IIT antiarrhythmic, is highly cffective in controlling
ventricular tachyarrhythmias; however, the delay in onset of
activity iz not acceptable in patients: with immediately life-
threatening arrhythrias, Therefore, an: intravenous: form.of
therupy is advantageous. This study was designed to compare
the salety and cfficacy of a high and.a low dose of intravenous
amiodarone with bretylium, the: ouly approved class IT1 antiar-
rhythmic agent.

Methods and Results: A total of 302 patients with refractory,
hemodynamically destabilizing ventricular tachycardiu or ven-
tricular fibrillation were enrolled in‘this double-blind trial at 82
medical centers-in- the  United . States. They were - randomly
assigned to therapy with ‘intravenous ‘bretylium (4.7 g) or
intravenous amiodarone administered in'a highdose (1.8 g) or
a low dose (0.2 g). The primary unalysis, arrhythmia event rate
during- the first "48 hours of therapy, showed comparablc
cfficacy between the bretylium group and the high-dose (1000

mg/24 h) amiodarone group that was greater than that of the
low-dose (125 mg/24 h) amiodarone group. Similar results were
obtaincd in the secondary analyses of time to first event and the
proportien of patients requiring supplemental infusions, Over-
all mortality in‘the 48-hour double-blind period was 13.6% and
was not significantly different among the three treatment
groups. Significantly more paticnts treated with bretylium had
hypotension compared with the two amiodarone groups. More
patients remaincd on.the 1000-mg amiodarone rcglmcn than
on the other regimens,

Conclusions - Bretylium -and - amiodarone - appearto - have
cormpurable: efficacies for the treamment of ‘highly -malignant
ventricular archythmius: Bretylium use, howcver, may be lim-
ited by:a high‘incidence of hypotension. (Circulation. 1995;92:
3255-3263.) V

Key Words o amiodaronc = bretylium e ventricles e
fibrillation e tachyeardia

miodarone has become a common therapy tor
paticnts with. a varicty ~of cardiac arrhyth-

mias.!2 The oral formulation has been mar-

keted in the United States since 1986 and isindicated for
the treatment of recurrent ventricular fibrillation (VF)
and Nemodynamically ~destabilizing " ventricular
tachycardia (VT) when other antiarthythmic drugs are
ineffective or cannot be tolerated.®5 Intravenous amio-
darone has been available for clinical vse internationally
and as an investigational drug in the United States for
several years.®¥ Reports of its eflicacy in patients with
incessant and/or refractory ventricular arrhythmias have

Received February 6, 1995; rovision received June 15, 1995;
accepted -Aupust 8, 1995,

Presented in part at the 66th Scicntific Sessions of the American
Heart Associatioa. Atlantu, Ga, November 8-11, 1993.

=Sce the appeadix for.a complete list of the investigutors .and
their centers,

Dr Kowey was an investigator for three amiodarone protocols
funded by Wyeth-Ayerst Research. The grant to his institution did
not provide salary support.

Correspondence lo Peter R. Kowey, MD, Lankenau Haospital
and Medical Rescarch Center, Medical Office Building East, Suite
$56, 100 Lancastcr Ave West of City Linc, Wynnewood, PA 19096.

© 1995 Amcrican Heart Association, Inc.

been widely published, with efficacy rates ranging from
50% 10 75% in most series.'™" Although severalclinical
studies showed it 10 be effective, most of these were
uncontrolled, unblinded,; and nonrandomized.

See p 3154

The present study is the third in-a series-of multicenter
controlled .trials that represent the first attempts to
investigate thie safety and cfficacy of intravenous amio-
darong (Cordarone Intravenous, Wyeth-Ayerst Labora-
tories) in a scientifically valid format. Because the
intended study population was so ill, we: designed a study
in which all patients would rcceive 4ctive therapy with
the study. drug or.an approved comparator. The com-
parator bretylium is the only intravenous class 11 ant-
arrhythmic agent currently approved in“the United
States for the trcatment of life-threatening VI/VF, 1618

Methods

The study was a tandomized, double-blind, parallel; positive-
controlled, multicenter, inpatient design. Eighty-two-centers
parncxp'\ted each enrolled between 1 and 27 patients. Patients
were eligible for inclusion if they had incessant:(recurring
immediately after tcrmination) VT, VF, or at least 2 (mean,
4.93) episodes of hemodynamically destabthzmg VT or VF in
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TABLE 2. Characterlstlcs of the Study Population

Treatment Group
Amlodarone - Amicdarone
125 mg 1000:mg - Brotyllum

Variable {n=B4a) {nm105) (n=103)
Sex, % mala ) 77 78 "T85
Age; y {mean=80) 86212 8312 8512
Primary disgnasls, %

HOVT 7 84 71

VF 7 11 11

Incessant VT 21 25 18
History of M, % .« =78 : a4 ) 8g
Acule Mt % 5 1 10
EF, % (mean£SD) 31=13. 28210 31z12
Average NYHA class 28 26 2.7

HDVT Indicates hemodynamic deatabliizing ventricular tachycardia; VF,
ventricular fibriliatian; Mi; myocardlal infarction; EF, sjection fraction; and
NYHA, Naw York Heart Asaoclaxlcn. Thera were no slgnificant diferences
among treatment groups In-any variablas,

Efficacy

For the primary specified end point, hemodynamically
destabilizing VT/VF events per hour during the double-
blind period, we analyzed the data using rank scores and
summarized ‘the data using mediaris.: The median’ is a
better-way: of summarizing these data than the mean
because - the former is-less -influenced by ‘patients:who
mlght have hud a very large or small number of events at
any given time point. As shown in Table 4, there were no
statistically significant: differences in.the overall cvent
rate. among the treatment groups ' (P=:237). However;
there were significant differerices among the groups at
the 6-hour:time: point - (P=.049), and thc differences
approached ssignificance “at the- 12-hour time point
{P=.091):-An analysis of cvent rates during the initial
hours:af drug administration indicated that >80% of all
cvents occurred in‘the first 12 houry (Fig 1). In addition,
>50% of the bretylium-treated’ patients: discontinued
blinded ‘therapy ‘before hour 16 and crossed over to
open-labcl-amiodarone,

The results of “the time to:first hemodynamically
destabilizing VI/VF event analysis are shown (Fig 2) as
the ‘cumulalive  pereentage: of paticnts-who remained
event-frce at-a given time. Most of the events in the
study-occurred in the first:12 hours, and:there was a
higher ¢vent rate for patients treated - with: the 125-mig/

TasLE 3. . Concomitant Cardiovascular Medications
During Doqble—Blind Therapy

Traatment Group

Amiadarone Amlodarane
Concomitant 126 mg 1000 mg: Bratyllum
Medication {hma) (=105} {n=103)
ACE inhibitors 24286 22 (21) 18 (13)
Qtner vasodilators 41 {a4) 33 (31) 35 (34)
Antlarrhythmics 101) & (6 8 (8)
Cu?" blocker 4(d) 5(8 5(5)
p-Blocker 10 {11) 1013} 7
Anticoagulant 32 (35) a1 (38) 31°(30)
Positive Inotropes 43 (a8) 45 (48) . 4348}
Dluretics - 51 (54) a7{es). .+ -48(d8)

" ACE Indicates anglotenaln-converting :onzyma. Thera wers na signifi-
cant diffsrences ‘among treatment groups In any variables Vaiues aro n
{36). )

Amiodarone in Unstable Ventricular Axrhythmias 3257

TABLE 4. Median HDVT/VF Event Rate During
Double-Blind Therapy

Treatrent Group

Amlodarone  Amlodarons

125 mg 1000 mg Bratyllum
Time Parlod ri=94) {n==105) {n=103) P
Overall .88 ‘o048 . 08§ T .27
Hours 0 to 6 4,08 Q.00 o.ao 048
Hours 0 to 12 192 0.00 1.82 091

HOVT Indicates hemodynamic destabilizing ventricuiar tachycardia; VE,
ventricular fibrliaton; and Overall, during entire double-blind period, The

* hour 010 6:8nd 01612 values ware far ail patisnta, regardiess of whether

they campleted the Intarval. Vaiues are HDVTNVE avents/24 h.

24-h dose of amiodarone, When this-analysis was carried
out-for the first 12 hours, the log-rank test approached
statistical significance (Fig 3). By hour 48, the differenccs
among. the three treatment groups were. indistinguish-
able because more patients had received supplemental
infusions of study drug or had discontinued double-blind
treatment and crossedover 10 open-label amiodarone
therapy: In fact, the protocol-specificd high-to-low smi-
odurone dose ratioof 8:1 was compressed to a.dose ratio
of only 1.8:L

Although this study was not dcsigned to detcrmine the
effects of these agentson the termination of arrhythmia,
the incessant=VT population provided an opportunity to
examine ‘these effects.: In: this study; ineeszant VT was
defined: as:recurrent. VI despite attempted cardiover-
sion: Because of the small number of patients enrollcd
while having incessant VT (ie, incessant VT at the time
of initiation of double-blind therapy), there was insuffi-
cient power 1o detect statistically significant diffcrences
among treatment groups. A log-rank test revealed an
overall among-group value of P=.62; However, numer-
ical diffzrences among groups were scenin the median
time from initiation of therapy.to termination of inces-
sant. VT, as follows; bretylium; 6.98 hours (n=9); low-
dose amiodarone, 458 hours (n=13); and high-dosc
amiodarone, 4,23 hours (n=12).

Table 5 iflustrates the number of supplemcntal infu-
sions administered to each group. The table summarizes
the results by treatment group, the number of supple-
mental intusions administered during the double-blind
phase of the study, and the number of supplemental

HAG o0 oo somemibimemrn e o 260 i senien et e ot mm——

Pervent of Tolal Evernds

Aty a0 .43 oo

Hours Afer Flrat Doaa
FiG 1. Bst.graph showing percentage of the total number of
arrhythmic -events (hemodynaméz destabilizing ventricular
tachycardla or ventricular fibrllation) that occurred in each
&-hour Interval durlng first 48 hours after study Initiation.
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Tasie 6. Number and Comparison of Supplemental infusions During Double-Blind Perlod

Dose Group {n} Palred P Values
; : Amio 125 Amio 1000 Bret

Variable mg {n=94) mg (nw105) {n=103) (2 BvslL BvsH LvsH
Total Infuslons

Mean:{SD) 241 (2.01) 1.58 (1,88) 1,21:{1.78) 001 <.001 073 050

Medlan ; 1.00 1.00 0.00
Supplemantal infuslons per.tour

Mesan (S0) 0,18.{0.26) 0.16 (0.35) 0.22 {0.50) 323 Ve Vei

Madlan 0,00 0.00 0.00

Amilo Indloates amiodarone; bret, bratytium; B vs L, bretyilum vs low=dose (125 mg) amlodarone; B va H, bretylium vs high-dose (1000

mg} amlodarcne; and L va H, low-doss vs high~doss amicdarone,
* By Cochran-Mantel-Haanszel procedure,

dose amiodarone patients). Twenty-five paticnts died
while receiving open-label amiodarone (13 bretylium
patients, 7 high-dose amiodarone patients, and:5 low-
dose amiodarone patients). We alsg counted the number
of deaths that oceurred after discortinuation of study
drug, either blinded or open-label. Fifty-eight paticnts
died while not receiving any drug, including 21 randomly
assigned to the bretylium group and 20 and 17 randomly
assigned ‘to-the 1000- ‘and  125-mg amiodarone dose
groups, respectively. These 58 patients included 25 pa-
tients who died after being assigned ‘do not resuscirate”
status at the request of their families,

Fig 6 shows the cumulative number of patientsiin each
treatment group who remained.on double-blind therapy
at each hour, This took into account treatment failures
or adverse effects that might have prompted drug dis-
continuation. -Overall, more patients withdrew  from:
bretylium therapy than from amiodaronc therapy
(P=.070), with more: bretylium patients discontinuing
double-blind therapy in each category (treatment fail-
ures: bretylium, 22%; high-dose amiodarone, 19%; and
low-dose amiodarone, 24%; adverse effects: bretylium,
10%; high-dose amiodarone, 6%; and low-dose.amig-
darone, <1%), During the first 6 and ]2 hours; there
were a significantly greater number of discontinuations
from the bretylium  dose” group for both treatment
failures and lack of cfficacy than from the amiodarone
dose groups (P=:004-and P=.036, respectively). For the
remainder of the double-blind period, the curves paral-

Lop-Rank Tesl .+ |
g =0.720
- [RCREREI o a8 e [,
e Dretyium '
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Fig 4. Graph showing cumulative psrcentage of patients who
survivad during the firet 48 hours of the study, Monality was low
and not significantly différent among the groups (log-rank teet:
P=.7202). AMI indicates amiodarone,

leled: each .other, because the numbers of events'in all
groups were greatly redticed during the final 36 hours of
the study.

Discussion

The treatment of patients with life-threatening ven-
tricular 2rrhythmias remamns one of the most -difficult
challenges of contemporary -medicine.'??® Particularly
difficult are cases in which the arrhythmias-recur fre-
quently and cause hemodynamic instability. The moral-
ity of such patients, despite aggressive therapy, has been
reported to be >80% 16°90% in small uncontrolled
series:21:22 Parenteral ‘drugs currently availablc to treat
such patients either are incfective or cause potentially
scerious adverse effects, such as hypotension, heart block,
torsade de: pointes, ‘cardiac arrest, and asystole, that
contribute: to hemodynamic deterioration.

Intravenous amiodarone is the newest agent to be
used-in: this clinical ‘sitvation, ‘To date, the results of
clinical trials have been quite enicouraging, with reported
response rates of 50%:to 75% with a'reasonable side-
effect profile:!1¥ Most of the studies have been limited
by the lack of & control group or randomization, or they
used retrospective analyses.:We believed that the tarset
popiilation was too sick to be:enrolled in a placebu-
controlled: study, cven: thoughssuch a study would have
been ideal to gain sipproval from:rcgulatory agencies.

To. demonstrate the efficacy” of intravenous amio-
darone, three mullicenter trials:enrolled =1000 patients
with lifesthreatening VT/VF. The first trial was a dose-
ranging study.® The second study, reported in this issue
of Circulation (Scheinman etal), was also a-dose-ranging
study .in which & broader dosc range was examined.
Thesce studics were based on the principle that responses
to ditferent doses provide evidence of clinicul effect, The
second dose-ranging study demonstrated a difference in
efficacy and tolerance among the three doses used. The
study reported here was the -third in the series. Two
doses of intravenous amiodarone were compared ‘with
an approved drug, bretylium, recognized to be effective
in patients with highly malignant archythmia. The high
and low doses of amiodarone uscd in the second dose-
ranging study were compared with the.dose of bretylium
recommended in its package insert. The patient popula-
tion was quite ill, and thus, provisions were made for
patients 10 receive only active therapy. Supplcmental
doses of study drug were permitted for breakthrough
arrhythmias. In addition, investigators were permitted 1o
switch to open-label intravenous amiodarone if supple-
mental doses of blinded study drug were not effective.




Recommended Policies/Procedures,
Treatment Protocols, and Quality
Assurance of the Procedure or Medication



/ ** 1idocaine \

Initial dose:
1-1.5 mg/kg IVP or
2-3 mg/kg ET
Consider repeat same
dose q 3-5 mins
Maximum dose:

3 mg/kg IV 6 mg/kg ET

- /

PROCEDURE

CPR until defibrillator
available then:
Defibrillate
2007, 3007] 360]

Oxygen
Intubate

IVLR

|

Epinephrine 1:10,000
1.0 mg IVP or 2.0 mg ET

**Defibrillate within
30 - 60 seconds of

drug administration

If VT/VF continues:

Repeat q 3 minutes

4— Yes

NOTES:

** Amiodarone
300 mg IVP
follow with 10cc
NS IV flush

Go to Policy:

VE/VT — No #7204 Asystole
Continues? #7205 PEA
' #7208 Return of
Spontaneous

Circulation

Amiodarone may not be administered by ET'T

Administer amiodarone once only



MEDICAL CONTROL

Amiodarone will be administered under standing orders for pulseless retractory ventricular
tachycardia/fibrillation only.

QUALITY "ASSURANCE"

Each case utilizing amiodarone will be individually tracked. Using the existing cardiac arrest survival
database, rates will be calculated for cardiac arrest survival from ventricular fibrillation before and
after the institution of amiodarone. :



Description of the Training and
- Competency Testing



TRAINING MATERIALS
AMIODARONE HCI

MECHANISMS OF ACTION

Amiodarone is generally considered a class III antiarrhythmic drug, but it possesses
electrophysiologic characteristics of all four Vaughan Williams classess. ~ Like class I drugs,
amiodarone blocks sodium channels at rapid pacing frequencies, and like class IT drugs, it exerts a
noncompetitive antisympathetic action. One of its main effects, with prolonged administration, is
to lengthen the cardiac action potential, a class III effect. The negative chronotropic effect of
amiodarone in nodal tissues is similar to the effect of class IV drugs. In addition to blocking sodium
channels, amiodarone blocks myocardial potassium channels, which contributes o slowing of
conduction and prolongation of refractoriness. The antisympathetic action and the block of calcium
and potassium channels are responsible for the negative dromotropic effects on the sinus node and
for the slowing of conduction and prolongation of refractoriness in the antrioventricular (AV) node.
Its vasodilatory -action can decrease cardiac workload and consequently myocardial oxygen
consimption. Cordarone 1.V, administration prolongs intranodal conduction (Atrial-His, AH) and
refractoriness of the antrioventricular node (ERP AVN), but has little or no effect on sinus cycle
length (SCL), refractoriness of the right atrium and right ventricle (ERP RA and ERP RV),
repolarization (QT¢c), intraventricular conduction (QRS), and infranodal conduction (His-
ventricular, HV).

INDICATIONS AND USAGE

Cordarone 1.V. is indicated for initiation of treatment and prophylaxis of frequently recurring
ventricular fibrillation and hemodynamically unstable ventricular tachycardia in patients refractory
to other therapy. :

CONTRAINDICATIONS

Cordarone LV, is contraindicated in patients with known hypersensitivity to any of the components
of Cordarone I.V., or in patients with cardiogenic shock, marked sinus brachycardia, and second- or
third-degree AV block unless a functioning pacemaker is available.

WARNINGS

Hypotension

Hypotension is the most common adverse effect seen with Cordarone 1.V. in clinical trials,
treatment-emergent, drug-related hypotension was reported as an adverse effect in 288 (16%) of
1836 patients treated with Cordarone LV. Clinically significant hypotension during infusions was
seen most often in the first several hours of treatment and was not close related, but appeared to be
related to the rate of infusion. Hypotension necessitating alterations in Cordarone 1.V. therapy was
reported in 3% of patients, with permanent discontinuation required in less than 2% of patients.
Hypotension should be treated initially by slowing the infusion; additional standard therapy may be
needed, including the following: vasopressor drugs, positive inotropic agents, and volume
expressions.  The initial rate of infusion should be monitored closely and should not exceed that
prescribed in DOSAGE AND ADMINISTRA TION.



Bradycardia and AV Block _

Drug-related bradycardia occurred in 90 (4.9%) of 1836 patients in clinical trials while they were
receiving Cordarone LV. for life-threatening VI/VF; it was not dose-related. Bradycardia should be
treated by slowing the infusion rate or discontinuing Cordarone L.V. In some patients, inserting a
pacemaker is required. Despite such measures, bradycardia was progréssivc and terminal in 1 patient
during the controlled trials. Patients with a known predisposition to bradycardia or AV block
should betreated with Cordarone LV. in a setting where a temporary pacemaker is available.

DOSAGE

The dosage for out-of-hospital treament of refractory ventricular fibrillation.tachycardia is 300mg IV
push followed by a 10cc NS flush. In the out-of-hospital setting, administer 1.0mg epinephrine
(10cc, 1:10000) prior to administering amiodarone.

SUPPLIED

3ml ampules, 50mg/ ml

LITERATURE

Weaver, et al. Circulation 1990
Harrison, et al. Annals of Emergency Medicine 1981
Van Walraven, et al. Annals of Emergency Medicine 1998

Kudenchuk, et al. New England Journal of Medicine 2000



TESTING
AMIODARONE HCI

Amiodarone is given in which of the following doses and routes in the treatment of
refractory ventricular tachycardia/fibrillation?

a. 150mg IV
b. 300mg IV
c 300mg ET
d. 600mg IV

In out-of-hospital use, amiodarone is preceded by what drug and dosage?

a. Lidocaine, 100-150mg IV

b. Normal saline, 10cc IV

c. Epinephrine 1:10,000, 10cc I\%
d. Epinephrine 1:10,000, 10cc IV

Immediately after administration of amiodarone, what should be administered?
a. Normal saline, 10cc IV

b. Lidocaine, 100-150mg IV

c. Amiodarone, 300mg IV

d. Bretylium, 300mg IV

Which of the following drugs cannot be administered through the endotracheal tube?

a. Lidocaine

b. Amiodarone
c. - Atropine

d. Naloxone

Kudenchuk's paper demonstrated the following about amiodarone and the treatment of
ventricular fibrillation cardiac arrest?

Decreased survival compared to bretylium

No change in survival compared to lidocaine

Increased survival to hospital discharge compared to placebo
Increased survival to hospital admission compared to placebo

oo oe

What is amiodarone's most common adverse effect?

a. Hypotension

b. Bradycardia

c. Neonatal hypothyroidism
d. Cardiac Arrest



10.

Amiodarone is incompatible (precipitation occurs) with:

D5W

Sodjum bicarbonate
Normal saline
Lidocaine

oo TP

Amiodarone may be given how many cimes in a cardiac arrest patient with refractory
ventricular fibrillation?

Once

a.

b. Twice

c. As often as needed

d 150mg IV every 3-5 minutes

If amiodarone therapy is unsuccessful, which antiarrhythmic drug is administered next?

a. Bretylium

b. Normal saline
C. Lidocaine

d. Procaineamide

Which is the true statement regarding survival from cardiac arrest from refractory ventricular
fibrillation?

Bretylium results in greater survival than lidocaine

Lidocaine does not improve survival

Amiodarone when compared with lidocaine improves survival
Epinephrine is better than nothing

poo oP
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Protocols



VENTRICULAR FIBRILLATION OR

| PULSELESS VENTRICULAR TACHYCARDIA

BASIC LIFE SUPPORT:

L.
2.
3.
4.

ABC’s

Assess Airway ¢ High Flow Oxygen
Perform CPR

Transport

ADVANCED LIFE SUPPORT:

1.

2.

SPECIAL

Place paddles in prdpcr place on the chest of the patient with no pulse and confirm VE/VT

If VE/VT confirmed, defibrillate up to 3 times as needed at
° 2005 :
= 360

Start IV Normal Saline, intubate, collar and confirm tube placement. Attach Monitor/Defibrillator and
continue CPR

* Initiate fluid bolus of 200-500 cc of Normal Saline

Epinephrine 1 mg IV push, then Cordarone 300 mg IV push followed by 10 cc NS flush
* Hold compressions but continue to ventilate for 15-30 seconds

If arrhythmia persists after 30 seconds then defibrillate at 360j

If arrhythmia persists, continue CPR, start Lidocaine 1.0-1.5 mg/kg IVP.

Epinephrine 1 mg every 3-5 minute IVP
Magnesium Sulfate 1.2 grams over ]-2 minutes IVPin refractory VF or Torsades Des Pointes

Consider Sodium Bicarbonate 1 meg/kg if arrest is unwitnessed or downtime is estimated at greater than
10 minutes :

NOTES: '

If Lidocaine was given as the initial drug before Cordarone, the dose of Cordarone should be
reduced to 150 mg IVP followed by 10 cc of NS flush

After the first sequence of Epinephrine and Cordarone together, the procedure should be to administer
medication followed by defibrillation after 30-60 seconds with 360j

In unwitnessed Cardiac Arrest, or prolonged downtime greater than 10 minutes, several cycles of CPR
should be performed before defibrillation

Fluid bolus in Cardiac Arrest has been shown to facilitate perfusion of vital organs
Cordarone may be administered Intraosseously, but not via ETT

If the patient converts to a viable rhythm anytime during the protocol, start Lidocaine 1.0-1 Smg/kg
IV push and start Lidocaine drip at 2-4 mg/minute

A-10
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i]i D H R Frunk M. Rumph, M.D., District Heaith Dir?ctor
e

Gsorgia th';m nf Humen Rasources & Divisien of Public Health
ealth District & 1916 Nonth Leg Road # Augusta, GA 309094437 & (706) 667-4326 & FAX (706) 6674365

Region Vi EMS Phone - (706)667-4336  Fax - (706)667-4594

September 1, 1999

MEMORANDUM
o EMS Digectors
Region V]

Region VI Hospital-ED Dept.
LMY (nstructors

Medical Control Physicians

FROM: E. Glenn Bridges, M.D.
On-Line Mcdical Director, Region VI EMS

RE: Addition of Amiodarone to the Region V1 ACLS Protocol for Pulsciess
Viach and Viib

Recent research has mdicateq a substantial increase in the retum of spontaneous pulses when a refatively
new antiarchythmic drug, amiodarone (Cordarone) is added 1o the standurd ACLS protoco) for Viib and
pulseless Vinch. All area hospiwls and many EMS orpanizations across the country have added this to
their crash carts and drug boxcs with good resuls, The next update of the ACLS guidelines in the ycar
2000 will undoubtedly include aniodarone. During the interim, the following medifications will be used in
Region VI and will bevume part of the atanding orders in our region. When EMS personnel receive the
order from Medical Conirof to “go ahead with ACLS protocol” for these two CPR situations, the {ollowing
protocel should be carried aut if this drug is made avalilable to you by your individual ambulance service

director. .

-Esiablish pulseless Viach or Vfib in a CPR situation.

-Administer up tu 3 defibrillasion’s and recvaluate

-If rhythun 15 urchanged, cstablish an airway and 1V access rnd continue CPR.

.Administer cpinephrine and 300-mg amiodarone [V push and repest defibrillarion z 3 if needed.

-if rhythm is unchanged, proceed with ACLS as currently done including consideration of Lidcxmi_nv.-.
Bretylium, magnesivin and sodium bicarbonate with repested defibrillation’s afier each intervention.
-A second dose of 150mg of amiodarone 1V push should be given 5 minutes aftcr the initial 300mg if

nceded,

Precautions: Amiodarone (Cordsrone) cannot be given per the ET tube o .
Amiodarone must be flushed from the 1V line with a least 10 cc o fluid afier its ‘
administration. This is most easily accomplished by simply running yow 1V “wide apcn )

during CPR.

Amiodaronc will precipitate if given at the same time as sodium bicarbonate thus making

Nushing essential when bicarb is given (usvally afler 10 minutes of “down time™).
Early defibrillliun romains the single most imporiant treatment of these rhythms and shoutd

ot be delayed for any reason and should be repeated after cvery interventon.

Potential side effevts Include a significant bradycardin afier roturn lo spontaneous circulation and this is
treated vs usual, though extemal pacing frequently proves most effective.

An Bqual Oppormnity Employer
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VENTRICULAR FIBRILLATION

10.

11.

12.

13.

14.

PULSELESS VENTRICULAR TACHYCARDIA

Verify pulselessness

Precordial thump if arrest is witnessed and defibrillator not immediately
available

CPR until defibrillator available
DEFIBRILLATE at 200, 300 and 360 WS

0 Do not lift paddles between shocks
0 Visually confirm rhythm between each defibrillation
0 If thythm converts after defibrillation, proceed to appropriate SOP

Resume CPR and INTUBATE. IV ACCESS as ab‘le

EPINEPHRINE (1:10,000) 1mg IVP and AMIODARONE 300mg rapid IVP
(ONE TIME ONLY)

Reassess rhythm within 30-60 seconds
If arrhythmia persists or recurs: DEFIBRILLATE at 360 WS X 2

If arrhythmia persists or recurs: EPINEPHRINE (1: 10,000) lmg IVP and
DEFIBRILLATE at 360 WS X 2

If arrhythmia persists or recurs: LIDOCAINE 1.5mg/kg IVP or 3mg/kg ET and
DEFIBRILLATE at 360 WS X 2 ’

If arrhythmia persists or recurs: Repeat LIDOCAINE 1.5mg/kg IVP or 3mg/kg
ET and DEFIBRILLATE at 360 WS X 2 in 3-5 minutes if rhythm unchanged

Repeat EPINEPHRINE (1:10,000) 1mg IVP
DEFIBRILLATE at 360 WS X 2 after each EPINEPHRINE bolus

Continue CPR
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Treatment Algorithm for Pulseless Ventricular
Tachycardia/Ventricular Fibrillation Utilizing Amiodarones

Shock (200 j)

| -

Shock (300 j)

l

Shock (360 j)

l

Persistent or

Recurrent VE/VT I — Continue CPR
: Intubate

Obtain IV Access

A doinicterine Eoimeotrine B Epinephrine 1 mgIV ¢
with Amiodaons oivete I q 3 to 5 minutes with flush |

{ the hypotension and oo T »
bradycardia effects.. LS

Amiodarone 300 mg (6
cc) IV Push. Flush with

IIb Medications 10-20 ml DSWor NS,
Lidocaine l
Bretylium :
Magnesium Sulfate § DF 360 j within 30 to 60 seconds §
Procanimide : after each drug. :
Sodium Bicarb. | — "Drug-Shock", "Drug-Shock"
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Protocol for Ventricular Fibrillation/Pulseless V-Tach (Protocol ITI.

B-1) (Paramedic/EMT-CC) (Cordarone IV has been added to this protocol)

Standing Orders:

A. If witnessed perform precordial thump

B. Defibrillate 200 Joules

C. Defibrillate 300 Joules

D. Defibrillate 360 Joules

E. Check pulse and rhythm

F. Intubate, IV Normal Saline or Ringers Lactate

G. Epinephrine 1:10,000 1 mg IV push or ET 2 mg (if no IV) q 3°-5°
H. Defibrillate 360 Joules

L 2% Lidocaine 1.5 mg/Kg IV bolus or ET 3 mg/Kg (if no 1V)
J. Defibrillate 360 Joules

K. Bretylium Tosylate 5.0 mg/Kg IV bolus

L. Defibrillate 360 Joules

IMMEDIATELY FOLLOWING CONVERSION TO AN ADEQUATELY PERFUSING

SUPRAVENTRICULAR RHYTHM, ADMINISTER LIDOCAINE 1.5 MG/KG, UNLESS

ALREADY ADMINISTERED

Medical Control Options:

A. 2% Lidocaine 0.5 to 0.75 mg/kg IV bolus

B. Epinephrine every 3’-5° (option for escalating and high dose)
C. Bretylium 10 mg/kg I'V bolus

D. Sodium Bicarbonate 1mEqg/kg

E. Magnesium Sulfate 1-2 gm over 1-2 minutes

F. 0.4 % Lidocaine Drip

G. Dextrose 25 gm, IV bolus

H. Defibriliate 360 Joules

1. Amiodarone IV 150-300 mg IV push

Any of the above orders may be repeated as per physician discretion

3. Protocol Explanations:

Italics in Standing Orders are only for Paramedics. EMT-CC’s must call Medical
Control once they finish “H”. (EMT-CC’s account for the majority of the Nassau
County system.)

Paramedics may proceed further than EMT-CC’s before calling in to Medical Control.
Medical Control Options may be exercised in any order, Options are not listed in

priority order. (ie. “I” may be first on a Medical Control MD’s list of options before
“B~, it’s the physician’s preference).
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] ] 2 B 0& arcﬁ
UNQ Ventricular Fibrillation e
=5 EMS
ulseless Vent. Tachycardia Touinty
History: Signs/Symptoms; Differential:
= Estimated down time * Unresponsive, apneic, pulseless * Asystole
*  Past medical history/ *  Ventricular fibrillation or ventricular | «  Artifact
medications tachycardia on ECG * Device Failure (lead or pad

*+ Events leading to arrest
*  Renal failure/dialysis
* DNR or Living Will

Automated Defibrillation
Protocol

Cardiac Arrest Protocol

Legend

¥

Defibrillate x 3
200, 300, 360 joules

v

EMT-D and P
EMT-P only

Continue CPR

v

IV Protocol '

v

Epinephrine

Amiodarone

¥

Defibrillate 360 joules

v

Repeat Epinephrine

¥

Defibrillate 360 joules

T
No
4

Criteria for Discontinuation

v

Lidocaine

Defibrillate 360 joules

Yes—p

Stop

Sodium

LI HHFF"!l

Contact Medical Control

niy ANEnEn

Bicarbonate
Calcium

Chioride :
Pearis:

* Exam: ABC's, Mental Status

* Pattern should be drug-shock, drug

* Reassess endotracheal tube placement frequently and after every move.

-shock, etc. (repeat drugs as per Drug List).

*  If defibrillation is successful and patient
*  Calcium if hyperkalemia is suspected (re
*  Defibrillation takes precedence over alf t

rearrests, retum to previously successful energy level.

*  If Defibriliation is underway by First Responders (FR), FR defibrillation should continue untit 6 defibriliations are

enal failure, dialysis).
reatment once the defibrillator is available.

Disposition:

accomplished or patient is resuscitated.
Lidocaine may be substituted for Amiodarone when IV access cannot be obtained.
M———WMM—M

EMS Transport:  ALS: -Any patient which does not meet the Criteria for Death or Discontinuation of

Resuscitation Policies.

Protocol 34 6/1999



UNE@ i PIE NS
C Ventricular Tachycardia EMS
HOSPITALS Swiserty
History: Signs/Symptoms: Differential:
* Past medical history/ * Ventricular tachycardia on EKG » Asystole

medications = Conscious, rapid pulse » Artifact
* Syncope/near syncope » Chest pain, shortness of breath * Device Failure (lead or pad)
* Palpitations e Dizziness
*  Pacemaker * Rate usually 150 - 180 bpm

Universal Patient Care Protocol Legend
Ventricular EMT-D and P
Fibrillation |le——No Palpable Pulse EMT-P only
Protocol I
Yes
\ 4
l IV Protocol “'
A
Contact Medical Control
Stable Unstable
Chest Pain
l Hypotension
Syncope
. Lidocaine . Respiratory Distress

/\

|

. Repeat Consider Midazolam
If suspect wide ' Lidocaine I _ for Sedation l
complex SVT
Consider ‘ ¢
Adenosine Consider Synchronized
Amiodarone Cardioversion
100, 200, 300, 360 joules
_ Lidocaine _
4
. Consider Amiodarone ‘
Pearis:

* Exam: Vital Signs, Mental Status, Skin, Neck, Lung, Heart, Abdomen, Back, Extremities, Neuro
> For witnessed/monitored ventricular tachycardia, try having patient cough or deliver a precordial thump.

Disposition:

EMS Transport: ALS:

-All patients

Protocol 35

6/1999
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Revision Approved August 12, 1999

MCB

Section 11
Prehospital Operational Standards

Treatment Protocols
PROTOCOL 11.11: VENT, FIBRILLATION AND PULSELESS VENT. TACH.
A. Adult Care

I.1.  Countershiock, 200 J*.
1.2. Countershiock, 300 J*.
1.3, Countershiock, 360 J~,
l.4. CPR.

L5, intubate.

.6.  Epinephrine, 2 mg, If ET tube is clear. Repeat Epinephrine every 3-5 minutes for duration of
pulselessness.

L7. IV, NS, TKO.

1.8. If Epinephrine riot yat given via E1 tube, give Epinephrine 1.‘0 mg IV FLU.? IV_ Amiodarone,
300 mg perpheral rapid infusion. NOTE: The 300 mg IV Amiodarone infusion is e:fpected to
maintain a reasonable blood level for 20 to_30 minutes, long enough for the patient (o be
transported to the nearest emergency department.

1.8. Countershock 360 J**.

[10 Lidocaine, 1.5 mg/kg IV or 3.0 mg/kg £1". Repeat Lidocaine 1.5 mg IV in 5 minules fo a lofal
dose of 3.0 mg/kg.

1.11. Counlershock, 360 J*.

Endotracheal medications should be administered at lwo times the recommendad I\{ dose.
The endoltracheal dose should be considered equivslent to the |V dose when calculaling the
total dose given.

Consideration for transport should be made at this time.

1.12. Magnesium Suifato 1 gm IV.

1.13. Countershuck, 360 .

1.14. Conlact Medical Conirol at earliest opportunity for further orders.

1.15. Consider Sodium Bicarbonate 1.0 mEq/kg, IV.

in11.1



Revision Approved August 12, 1899

MCB Section I
Prehospital Operational Standards Treatment Protocols
PROTOCOL I1.11: VENT. FIBRILLATION AND PULSELESS VENT. TACH. (cont.)

* |t cardioversion restores @ SUPFaveriiiculal fHyuiie Wil (As Uy g sy oo =) == = e

{.1.
1.2.
1.3.
1.4.
1.5.
1.6.
L7

1.8

1.9.

1.10.

1.11.

l.12.

1.13

1.14.

115,

A-V block, administer a Lidocaine bolus (if not yet giverr earlier) 1 mgrkg, IV, and start
Lidocaine drip at 2 myg/min. (adult). '

Pediatric Care

Countershock 2 Jfkg™.

Countershock 4 J/kg”.

Counlershock 4 J/kg*.

CPR.

Intubate.

Epinephrine 1:1,000, 0.1 mg/kg (0.1 mirkg) ET if ET route is clear.
1V, NS, TKO. |

Establish intraosseous access if unsuccesstul after 2 IV attempts or 2 minules in child less
than 6 years.

If Epinephrine not yef given via ET tube, give first dose IV or IO, 1:10,000, 0.01 my/ky (0.1
miftkg). . e

Countershock 4 J/kg*".
Lidocaine 1 mg/kg, IV or IO or 2 mg/kg ET may be repealed once in 5 minutes.

Countershock 4 J/kg™".

Epinephrine, second and subsequent doses, 1/ 1,000 0.1 mg/kg (0.1 mi/kg) IV/IO or ET.
Repoat every 3-5 minutes.

Countershock 4 Jrkg**,

Countershock 4 Jfkg™*.

1.11.2



kevision Approved August 12, 1999

MCB Section il .
Prehospital Operational Standards Treatment Protocols

PROTOCOL I1.11: VENT. FIBRILLATION AND PULSELESS VENT. TACH. (cont.)

1.16. Countershock 4 Jkg**.
I.17. Contact Medical Control at earliest opportunity.

118 Conslder Sodium Bicarbonate 1.0 mEg/kg, IV or I0.

I1.1. Nane.
¥ If cardioversion restores a supraventricular rhythm with rate 60 and without 2nd or 3rd dogree
A-V block, administer a Lidocaine bolus (if not yet given oarlier) 1 mg/kg, IV, and start
Lidocaine drip, 20-50 mcg/kg/min (pediatric),

**  Defibrillations should be performed 30-60 seconds after drug delivery, The p'a‘tlern' should be
drug-shock-drug-shock.  If delays occur because of medication administration or the
performanice of procedures, go back to defibrillate before proceeding.

EMT-D Transition lo Advanced Life Support Care

In accordance with the American Heart Association Advanced Cardiac Life Support Guidelines,
paramedics arriving at the scene of a patient with 8 Semi-Autoratic Defibrillator in place shou{d
attach a conventional defibrillator when clinically convenient. If a Semi-Automnatic Defibrillator is in
the process of analyzing, the paramedic should allow the analysis to be compicted and a shock
delivered, if advised. Once the shock has been delivered or “No Shock” is advised, the patient
should then be switched to a conventional defibrillator in order to avolid time delays assotiated with
semi-automatic analysis and defibrillation,

11.11.3
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Ventricular Fibrillation

Adult Montgomery County Hospital District
Standing Delegated Orders

Patient Criteria: Pulseless

Apneic

ECG: V-Fib or Pulseless V-Tach
Required CABC's
Assessment: ECG

Blood Glucose
o BGL <80 refer to Hypoglycemia SDO

Required - CPR
Interventions: =  BVM with 100% O
» “Stacked” Defibrillation’s as rapidly as possible unless VF
converts
«  200j
= 300j
- 360]
« Intubate
e |V .9%NaCl
« Epinephrine 1:10,000 1.0 mg IVP or 2.0 mg ET
= Administer via first available route
= Lidocaine 1.5 mag/kg IVP or 3.0 mg/kg ET
= May repeat x 1
« Defibrillate @ 360j or 3 “Stacked"” Defibrillation’s at 360j
= Defibrillation should be within 30 — 60 sec after medication
= Epinephrine 1:10,000 1 mg VP or 2 mg ET

¢ Cordarone 150 mg VP
= Flush with 20 mi NACL
s« Epinephrine: Escalating
= 1 mg-3 mg-5 mg IVP
= Repeat q 3-5 minutes- subsequent dosing should be 5 mg
=  Cordarone 150 mg IVP
= Flush with 20 mi NACL
* Magnesium Suifate 1.0-2.0 gm slow VP
= For refractory v-fib or Torsades des Pointes

Revised: 11/98 1



Intervention Options:

Consuit Only:

Revised: 11/88

Nasogastric Tube

= #18 Salem Sump

Blood Glucose

« BGL <80 refer to Hypoglycemia sDO

Any changes in condition or rhythm refer to appropriate SDO

Sodium Bicarb 1 meql/kg
- If acidosis suspected
Narcan 2.0mg — 8.0mg IVP

= For suspected drug/narcotic overdose
Ca Gluconate 500 mg- 1 gm VP
. For Renal Dialysis Patients only




Ventricular Tachycardia-Unstable
Wide Complex-Adult

Patient Criteria:

Assessment:

Required
Interventions:

Intervention Options:

Revised 11/98

Montgomery County Hospital District
Standing Delegated Orders

Chest Pain with:

o Dizziness
« Confusion
« Weakness

Systolic B/P < 90mmHg And one or mare of the following:
« Severe Dyspnea
= Severe pulmonary edema
= Significant altered mentation

ECG: Wide Complex Ventricular Tachycardia (QRS > .12 seconds)

CABC's
Vital Signs
Puise Oximeter
ECG
. 12-Lead if able to accomplish without interfering with treatment

« Oz 100%

« [V .9%NaCl

« Lidocaine or Cordarone
= As outlined in options

« Llidocalne 1.0 mg/kg IVP
» Q 5min as 0.5mg/kg up to 3.0mg/kg total
« Lidocaine infusion 2-4 mg/min
. If successful conversion of the rhythm with Lidocaine bolus
« Cordarone 150 mg IV Bolus
« Flush with 20 mi NACL
« May repeat once
. Cordarone infusion 1 mg/min (V
«  If successful conversion of the rhythm with Cordarone bolus
- Any changes in condition/rhythm refer to appropriate SDO
« Synchronized cardioversion 100.J
« Synchronized cardioversion 200J
« Synchronized cardioversion 300J
« Synchronized cardioversion 360J



T:o.nsult Only: o Diazepam 2.0-10.0 mg IVP
= for sedation for cardioversion
» Repeat Cardioversion 360 J

evised 11/98



Ventricular Tachycardia-Stable
Wide Complex-Adult

Patient Criteria:

Assessment:

Required
Interventions:

Intervention Options:

Consult Only:

Revised: 11/98

Montgomery County Hospital District
Standing Delegated Orders

ECG: Ventricular Tachycardia-Wide Complex (QRS > .12 seconds)
= Systolic BP>90 mmHg

Without significant

= Dyspnea/SOB
- Pulmonary edema
= Altered menial starus

CABC's
Vital Signs
Pulse Oximeter
ECG
= 12-Lead if able to accomplish without interfering with care

« 0O, 100%

e |V .9%NaCl

« Lidocaine or Cordarone
= As outlined in options

« Lidocaine 1.0 mg/kg IVP

= Q 5min as 0.5mg/kg up to 3.0ma/kg total
« Lidocaine infusion 24 mg/min

« If successful conversion of the rhythm with Lidocaine bolus
= Cordarone 150 mg IV over 10 min.

- May repeat once
» Cordarone infusion 1 mg/min

= If successful conversion of the rhythm with Cordarone bolus
= Any changes in condition/rhythm refer to appropriate SDO

= Dlazepam 2.0-10.0 mg

« Sedation for cardioversion
- Synchronized cardioversion 1004
» Synchronized cardioversion 200.)

» Synchronized cardioversion 300J
- Synchronized cardioversion 360J

10



Ventricular Ectopy/Non-Sustained V-Tach

Ventricular Ectopy

Montgomery County Hospital District

Non-Sustained Ventricular Tachycardia Standing Delegated Orders

Adult

Patient Criteria:

Assessment:

Required
Interventions:

Intervention Options:

Consult Only:

Revised 11/98

Chest pain with:

« Weakness
- Dizziness
= SOB

= lrregular heart beat

« Premature Ventricular Complexes > 6/min for more than 5 min.

» Evidence of acute myocardial ischemia and/or myocardial
infarction

- In the absence of Bradycardia

CABC's

Vital Signs
Pulse Oximeter
ECG

0O, 100% ASAP
IV .8%NaCl
Lidocalne 1.0 mg/kg IVP

Additional Lidocaine 0.5 mg/kg IVP

= if ectopy not resolved q 5 min up to 3.0 mg/kg

Lidocaine Infusion 2-4 mg/min

« If successful conversion of the rhythm with Lidocaine bolus
= Any changes in condition/rhythm refer to appropriate SDO
Cordarone 150 mg [V over 10 min.

= May repeat x 1

Cordarone infusion 1 mg/min {V

» |If successful conversion of the rhythm with Cordarone bolus

Magnesium Sulfate 1.0 gm-2.0 gm {VP
- For Torsades de Pointes

13



Post-Resuscitation Management

Adult

Patient Criteria:

Assessment:

Required
Interventions:

Intervention Options:

Consuit Only:

Revised: 11/98

Montgomery County Hospital District
Standing Delegated Orders

Patient with spontaneous circulation (palpable carotid/radial pulse)
after being treated for any non-perfusing rhythm

CABC's

Vital signs

Pulse Oximeter
Reassess ET if applicable

@

0, 100%
-  BVM/ Intubation as needed
iV .9%NaCl

Lidocaine 1.0 mg/kg IVP

- if converted from a ventricular rhythm and NOT bradycardic
Lidocaine Infusion 2-4 mg/min

Cordarone 150 mg IV over 10 min.

« May repeat once

Cordarone Infusion 1mg/min IV

= If converted from a ventricular rhythm after administration of
Cordarone and not bradycardic or hypotensive

Dopamine Infusion 5-20 mcg/kg/min IVP

= if still hypotensive 5 minutes after conversion from any rhythm
except PEA which becomes perfusing after a fiuid bolus

If Bradycardia, Use Bradycardia SDO
Blood Glucose
« BGL <80 refer to Hypoglycemia SDO
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Ventricular Fibrillation/Pulseless Ventricular Tachyeardia
1) Defibrillate at escalating levels 200J, 300J, 360J. Check rhythm and pulse between shocks. If

at any time the rhythm changes go to the appropriate protocol. For patients remaining in
VF/Pulgeless VT:

2) Begin CPR

3) Intubste and establish IV _9NS KVO.

4) Administer Epi 1:10,000 Img IVP or 2.5 mg via Ett repeat using escalating dosing (2mg, Smg,

10mg) at 3-5

5) Continue CPR and allow medications to circulate for | minute.

6) If still in VF/VT defibrillate at 360].

7) If patient remains in VF/VT proceed immediately to #8.

8) Administer Lidocaine 1.5 mg/kg I'VP and defibrillate after | minute of CPR.

9) If patient remains in VE/VT administers Cordarone 150 mg IVP and defibrillate after Iminute

of CPR

10) If patient remains io VF/VT check Ent placement and administer Lidocaine 1.5mg/kg,
Cordarone 150 mg IVP and defibrillate after | minute of CPR.

11) If patient remains in VF/VT administer Mg 2g IVP and defibriilate after 1 minute of CPR.

12) If patient remains in VF/VT administer Bretylium Smg/kg [VP and defibrillate after 1
minute of CPR.

13) Initiate transportation and contact BSP for further orders.

14) Continue to defibrillate every 2-3 minutes if patient remains in YF/VT, and give Bretylium
10mg/kg IVP B-10 minutes after the initial Bretylium dose.

Ventricular Tachycardia (with a pulse)

table V-Tach (Normal mental status, normotensive. no severe dyspnea or chest

pain)

1) Administer O2 by NRBM

2) Establish IV NS

3) Lidocaine 1.5 mg/kg [VP (If Torsedes de pointes start with Mg 2g [VP & Do Not use

Cordaronc)

4) If no change in rhythm in 2-3 minutes administer Lidocaine 1.5 mg/kg IVP

5) If no change in 2-3 minures administer Mg 2g IVP over 10 minutes

6) If no change in 2-3 minutes consider alternative diagnosis such as SVT with
aberrancy, S.Tach with bundle branch block.

*7) When rhythm converts begin Lidocaine drip at 2-4 mg/min.
8) Imitiate tramsportstion snd contact BSP,

Unstable V-Tach (Altered mental status, hypotension {SBP<90), severe dyspnea or
chest pain)

1) Administer O2 by NRBM

2) Establish IV NS

3) Contact BSP for synchronized cardioversion, if patient is conscious administer

Valium 5mg to 10 mg IVP

4) Cardiovert at 50J, escalating 75J, 100J, 200J, 300J, 360 until conversion occurs.

5) Once conversion oceurs, or if V-Tach recurrent after initial successful cardioversion
administer Lidocaine 1.5 mg/kg [VP, roay repeat Lidocaine 1.5 mg/kg IVP if V-Tach
or frequent PVC’s recur.

6) Begin Lidocaine drip at 2-4 mg/min.

7) If V-Tach persistent administer Cordarone 150 mg IVP may repeat x] if V-Tach

continues.(Do Not use Cordarone in Torsades dec Pointes, Use Mg 2g IVP instead)

8) Initiate transportation and contact BSP.

9) Consider Bretylium Smg/kg or Mg 2g IVP if Lidocaine/Cordarone not effective)

Created 5/18/1999 Page 8 of 23 Revised on:
® Copyright 1999, Robert Genzel, MD.



VENTRICULAR FIBRILLATION (VF)

'DEFINITION: Patients who are apneic and pulseless with ventricular fibrillation or ventricular
|tachycardia.

TREATMENT

1.

CPR - only until defibrillator is attached

2. Defibrillate up to 3 times if needed for persistent VF/VT
3.
4
5

CPR

. Intubate/Ventilate 100% oxygen/monitor lead I ECG/IV NS
. Epinephrine 1 mg IVP

todarone 300mg I

6.
7.

8.

Defibrillate 360 joules if needed for persistent VF/VT

CONTACT BIOTEL (after 1* round of drugs administercd)

TREATMENT CONSIDERATIONS:
a. Defibrillation
b. Epinephrine

Standard Dose: Img IVP " Repeat q 3-5 minutes
Intermediate Dose: 2mg - 5 mg IVP Repeat q 3-5 minutes
Escalating Dose: Img-3mg-5mg IVP 3 minutes apart

High Dose: 0.1mg/kg IVP Repeat q 3-5 minutes

[g]

. Lidocaine 1.5mg/kg IVP
. Bretylium Smg/kg IVP; Repeat 10mg/kg IVP
. Magnesium Sulfate (10%) 1gm-4gm SLOW IVP
Calcium Chloride (10%) 10mg/kg - 15mg/kg SLOW IVP
. Sodium Bicarbonate (NaHCO3) 1meg/kg IVP
NOTE: lItems h, i, j and k may be considered in the post resuscitation phase
h. Lidocaine drip 1-4 mg/minute
1. Bretylium drip 1-4 mg/minute
j. Dopamine drip 2-10 mcg/kg/minute (refer to chart page 31 for drops/minute)
k. Levophed drip 8-12 mcg/minute (refer to chart page 31 for drops/minute)

ga ™™ O Q.

PEDIATRIC

VF is a very unusual presentation in pediatrics

Defibrillation 2 joules/kg; repeat 4 joules/kg
Epinephrine 1* dose (1:10,000) 0.01 mg/kg IVP; Subsequent doses (1:1,000) 0.1 mg/kg IVP
Lidocaine Img/kg IVP

NOTE: Ifpatient's rhythm changes at any time during resuscitation, refer to appropriate
protocol.

fvns Rev 10/1/99 ;3 > Page 27A
al Center




VENTRICULAR FIBRILLATION (VF)

DEFINITION:

Taghycardia.

CPR
Only until defibrillator
attached

A

Defibrillate up to 3 times if
needed for persistent VF/VT

N

Ventilate with 100% Oxygen

CPR h

Intubate

Monitor Lead Il ECG
IV NS

Y

|

Epinephrine 1 mg IVP
Amiodarone 300 mg IVP

v

|

Defibrillate 360 joules if needed

Return of
Spontaneous
Circulation?

Persistent or

Patients who are apneic and pulseless with Ventricular Fibrillation or Ventricular

Assess Vital Signs )
Support airway & breathing
Oxygen '
L IV NS )

Recurrent
VF/VT?

CONTACT BIOTEL ]

See appropriate
PEA or ASYSTOLE
protocol

. " after 1st round ¢
for persistent VE/VT of drugs administered J
’ NOTE.: If patient’s
I rhythm changes during
resuscitation, move to
See . ) appropriate
Treatment Considerations ARRHYTHMIA protocol
(Front Side — 27a)
PEDIATRIC PATIENTS:

Lidocaine 1mg/kg IVP

\pub rev 10/1/99
‘outhwestern Medical Center

VF is a very unusual presentation in pediatrics.
Defib at 2 joules/kg; Repeat at 4 joules/kg
Epinephrine 1st dose (1:10,000) 0.01mg/kg IVP; Subsequent doses (1:1,000) 0.1mg/kg IVP
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